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A sensing system for a patient support, such as a bed, cot,
stretcher, or the like, provides data about the patient and/or the
patient support itself. The sensing system may include a flex-
ible sheet that houses a sensor array that detects interface
pressures between the patient and the support surface on the
patient support. A user interface allows a caregiver to control
operational parameters of the sensor array, including alarms.
A color coded map may be displayed on the user interface
highlighting the patient’s currently experienced interface
pressures. A control system coupled to the sensor array may
map the sensor outputs to the body of the patient in order to
correlate the interface pressures to specific parts of the
patient’s body. Shear pressure may, in some embodiments,
also be detected by the sensor sheet.
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SENSING SYSTEM FOR PATIENT SUPPORTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. provisional
patent application Ser. No. 61/449,182 filed Mar. 4, 2011, by
applicant Richard Derenne and entitled Sensing System for
Patient Supports, the complete disclosure of which is hereby
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to medical devices,
and more particularly to a sensing system used in conjunction
with patient supports, such as beds, stretchers, cots, gurneys,
operating tables, recliners, chairs, and the like.

SUMMARY OF THE INVENTION

[0003] According to its various embodiments, the present
invention provides an improved sensing system that provides
information about a patient and/or a patient support appara-
tus, such as a bed, stretcher, cot, operating table, chair,
recliner, or other type of patient support. In one embodiment,
the sensing system may be applied to existing patient supports
to turn previously existing beds into smart beds, e.g. beds that
provide information about components of the bed and/or
aspects of the patient to a remote location. In other embodi-
ments, the sensing system provides an improved tool for
assisting in the prevention and/or management of bed sores.
In still other embodiments, the sensing system provides addi-
tional data about the patient and/or the patient support that is
useful to a clinician or caregiver. In at least one embodiment,
the sensing system includes a flexible sheet that houses a
sensor array and that is adapted to be releasably secured to a
patient support surface, such as a mattress, an array of air
bladders, or other type of cushioned support on which a
patient may rest. In another embodiment, the flexible sheet
may be incorporated into a patient support surface, such as a
mattress, or the like. Various additional embodiments and
features are described below.

[0004] According to one embodiment, a sensing system is
provided that includes a sensor array, a controller, a pedestal,
and a user interface. The sensor array is adapted to be placed
over a patient support surface positioned on the patient sup-
port. The sensor array detects force exerted by a patient onto
the sensor array. The controller communicates with the sensor
array and processes outputs from the sensor array to deter-
mine a patient-related parameter. The pedestal is supportable
onanIVhole defined in the patient support. The user interface
1s supported on the pedestal and is in communication with the
controller. The user interface allows a caregiver to control an
alert related to the patient-related parameter.

[0005] According to another embodiment, a sensing sys-
tem for a patient support is provided that includes a sensor
array, a controller, a display screen, and a user interface. The
sensor array is integrated into a flexible mat that is adapted to
be placed over a patient support surface positioned on the
patient support. The sensor array includes a plurality of sen-
sors that are each adapted to detect force exerted by a patient
onto a respective sensor in the sensor array. The controller
communicates with the sensor array and processes outputs
from the sensor array to determine a patient-related param-
eter. The display screen is supported on the patient support.
The user interface is supported on the patient support and
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associated with the display screen. The user interface com-
municates with the controller and allows a caregiver to select
which of the plurality of sensors in the sensor array are used
in at least one calculation performed by the controller.
[0006] According to another embodiment, a system is pro-
vided that includes a first sensor array, a second sensor array,
a controller, and a display screen. The first sensor array is
incorporated into a first flexible mat, and the second sensor
array is incorporated into a second flexible mat. The control-
ler is adapted to receive outputs from both the first and second
sensor arrays and integrate them into a combined pressure
distribution profile of at least a portion of a patient’s body.
The controller forwards the combined pressure distribution
profile to a display for viewing by a caregiver.

[0007] According to another embodiment, a method is pro-
vided for upgrading a patient support that does not commu-
nicate datatoa remote location to an upgraded patient support
that does communicate data to a remote location. The method
includes providing a flexible mat having a sensor array inte-
grated therein. The sensorarray includes a plurality of sensors
that are each adapted to detect force exerted by a patient onto
a respective sensor in the sensor array. The method further
includes placing the mat over a patient support surface posi-
tioned on the patient support; providing a controller separate
from the patient support to process outputs from the sensor
array to determine a pressure distribution profile of the
patient; displaying the pressure distribution profile of the
patient on a display screen supported on the patient support;
and communicating the pressure distribution profile of the
patient off the bed to a remote location.

[0008] According to other aspects, the method may further
include using the sensor array and the controller to detect
when a patient has exited the patient support; and communi-
cating an alert signal from the patient support to the remote
location indicating that the patient has exited the patient sup-
port. The method may also include providing an angle sensor
within the mat adapted to determine an angle of at least one
pivotable section of the patient support; and communicating
the angle of the pivotable section to the remote location.
[0009] In still other embodiments, the controller of the
system may be adapted to determine from the sensor array
whether a patient has turned or not, or whether a patient has
sat up on the patient support, or if an undesirable condition
exists with respect to shear pressure exerted between the
patient and the patient support surface.

[0010] The sensor array may include a tilt sensor and the
controller may be adapted to determine an angular orientation
of a pivotable portion of the patient support surface. The tilt
sensor may be an accelerometer, or other sensor that is suit-
able for determining an angular orientation. The angular ori-
entation may be with respect to gravity, or with respect to
another reference.

[0011] The sensing system may be adapted to sense an
undesirable condition relating to shear pressure by detecting
movement along the sensor array of an area of pressure
exerted by the patient against the sensor array that exceeds a
threshold size and magnitude. The sensing system may also
be adapted to detect multiple types of different undesirable
shear pressure conditions. For example, in addition to the
movement along the sensor array of an area of pressure
exceeding a threshold size and magnitude, the sensing system
may be adapted to detect an undesirable shear condition that
includes a threshold amount of patient weight moving back
and forth along the sensor array for a certain amount of time.
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[0012] According to other embodiments, the user interface
may include a display screen supported on the pedestal. An
alert light may also be supported on the pedestal or incorpo-
rated into the bed or positioned elsewhere. If supported on the
pedestal, the alert lamp may be spaced apart from the display
screen. The alert lamp, wherever positioned, may be sized and
positioned such that it is visible from a hospital hallway when
the patient support is positioned within a room such that a
caregiver does not need to come close to the patient support to
determine if an undesirable condition exists with respect to
the sensing system or not. That is, the alert lamp may stand
apart—in terms of size and/or position and/or in other ways—
from the regular lights that appear on one or more of the
patient support’s control panels or a control panel associated
with the user interface of the sensing system. Such regular
lights, whether showing up on a display screen, or places
adjacent to a display screen, typically are intended to be
viewed by a patient or caregiver who is positioned immedi-
ately next to the lights (e.g. by a patient on the patient support
or a caregiver standing next to the support and interacting
with the control panel). The alert lamp(s) associated with one
embodiment of the present invention are, in contrast, intended
to allow a caregiver to simply and immediately view from a
hallway, or other significant distance, whether an undesirable
condition exists or not, without requiring the caregiver to
walk all the way up to the patient suppott.

[0013] In still other embodiments, the controller of the
system may determine from the sensor array if a patient has
bottomed out on a surface positioned underneath the patient.
The controller may also determine if a patient has exited the
patient support.

[0014] The sensor array may be integrated into a flexible
mat adapted to be fitted over a surface positioned on the
patient support, or a portion of a surface on the patient sup-
port, or one or more pillows or positioners positioned on the
patient support. In still other embodiments, multiple flexible
mats with sensor arrays may be provided and positioned over
multiple of these structures.

[0015] The sensor array may be made up of a plurality of
piezoresistive cells that each have an electrical resistance that
changes in response to a force exerted thereon.

[0016] A mounting bracket may be included that is config-
ured to be inserted into the IV hole on the patient support
wherein the bracket supports the pedestal and includes a hole
for supporting an IV pole. In this manner, both the pedestal
and an IV pole may share a single, common IV hole on a
patient support. The pedestal may include a boom that is
releasably attachable to the mounting bracket. The pedestal
may further be adapted to be pivotable about both a horizontal
and a vertical axis.

[0017] The system may include an identification card
reader adapted to read identification cards carried by autho-
rized caregivers. The use of such identification cards may
limit access to the system such that only authorized caregivers
can change a setting of the system via the user interface. The
use of such identification cares may also enable the recording
of an action taken by an authorized caregiver whose identifi-
cation card is read by the identification card reader. Such
actions might include turning a patient or other actions.
[0018] Thesystem may include, in still other embodiments,
a wireless transceiver that communicates wirelessly with a
communication network and that forwards an alert signal to
the communication network. The communication network
may be an existing hospital computer network, such as an
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Ethernet or other computer network, that ties together elec-
tronic medical records and/or other information.

[0019] A location device may be included with the system
that is supported on the patient support and that communi-
cates wirelessly with a nearby transmitter having an identity
correlated to a specific location within a health care facility.
The location device will thereby allow a determination of the
location of the system within a particular medical facility to
be made. Information transmitted from the patient support to
remote locations can thereby be correlated to specific loca-
tions within the medical facility.

[0020] The user interface may include a display screen on
which a graphical depiction of a location and magnitude of
forces exerted by a patient against the sensor array can be
depicted. A memory may further be included for storing the
outputs from the sensor array over time. The user interface
may interact with the memory and display screen to display a
plurality of past graphical depictions of outputs from the
sensor array. The display of the past graphical depictions may
be done in a movie-like manner in which the graphical depic-
tions either continuously change at a rate that matches the
actual past pressure changes, or at an accelerated rate in
which the graphical depictions continuously change at a rate
greater than the actual rate of change of the past pressure
changes. A graphical timeline may be included on the display
screen that includes indications of past events detected by the
sensor array.

[0021] The controller may be configured to issue an alert
when any one or more of the following conditions occurs: a
patient may need boosting on the patient support, a patient
may need to be turned, a patient may be experiencing exces-
sive shear stress, a patient may be experiencing excessive
compressive stress, a patient may have changed from a supine
to a sitting position, a patient may have exited the patient
support, and an angle of ahead section of said patient support
may have decreased below a threshold. The user interface
may allow a caregiver to select any one or more of these
conditions that, either alone or in combination with others of
these conditions, will cause the alert.

[0022] The controller may be configured to determine a
patient’s height when the patient is resting on the sensor array.
The controller may also be configured to determine a
patient’s body mass index when the patient is resting on the
sensor array. Still further, the controller may be configured to
determine from the sensor array whether a non-patient object
is positioned on the sensor array. The controller may also
determine a patient’s orientation on the sensor array based
upon outputs from the sensor array, or the controller may
determine from the sensor array if an entrapment hazard
exists for a patient positioned on support surface.

[0023] Thepatient-related parameter detected by the sensor
array may include any one or more of the following: a
patient’s heart rate, a patient’s breathing rate, a patient’s
temperature, a patient’s height, a patient body mass index, a
patient’s regional mass index, a patient’s weight, a patient’s
quality of sleep, and a patient’s level of agitation.

[0024] Additional sensors may be included with the sensor
array or within the flexible mat. Such additional sensors may
include one or more of the following: a temperature sensor, a
moisture sensor, an accelerometer or other angle sensor, a
pulse oximeter, and a side rail position sensor. Ifincluded, the
temperature sensor may be used to adjust force values
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detected by the sensor array in order to compensate for tem-
perature-dependent errors in the value output by the sensor
array.

[0025] Insomeembodiments, the sensor array may include
over a thousand sensor cells that are each adapted to detect a
force exerted by a patient onto a corresponding cell area of the
sensor array. The sensor array may be integrated into a mat-
tress cover that covers a mattress, or other type of surface,
positioned on the patient support. Alternatively, the sensor
array may be integrated into the mattress itself, in some
embodiments.

[0026] The sensor array, controller, and user interface may
receive electrical power from an electrical transformer that
also supplies electrical power to a surface on the patient
support. The user interface may include a touch screen dis-
play that allows a caregiver to control the system by pressing
the touch screen.

[0027] The sensing system may communicate with a scale
system on the patient support wherein the scale system mea-
sures a total weight of items positioned on at least a portion of
the patient support. The user interface may allow a caregiver
to select a portion of the sensor array such that the user
interface thereafter provides an indication of the total weight
sensed by the sensor array in the selected portion. The sensor
array may also include a section dedicated to determining a
weight of non-patient objects placed on the section.

[0028] The system controller may communicate with a sur-
face controller that controls a surface positioned on the
patient support and underneath the sensor array. The system
controller may communicate force and location information
from said the array to the surface controller.

[0029] Thesystem may also beused to determine undesired
shear stresses. The system may issue an alert if the sensor
array detects an undesired degree of stress exerted on a patient
supported in the patient support. The user interface may
enable a caregiver to exclude one or more areas of the sensor
array when the controller determines if an alert condition is
present. Such exclusion may allow the caregiver to avoid
pressure alerts that might otherwise be generated as a result of
pressure exerted on a patient’s cast, or caused by other con-
ditions that are not likely to lead to pressure ulcer develop-
ment.

[0030] The system may further be configured to map pres-
sure readings from the sensor array to specific patient body
portions. The controller may use the mapping of the pressure
readings to the specific patient body portions when determin-
ing the patient-related parameter. The controller may process
signals from the sensor array corresponding to the location of
a specific body portion differently from signals from the
sensor array corresponding to a different location. For
example, the controller may determine a location of a
patient’s torso on the sensor array and use the knowledge of
the location of the patient’s torso when determining a heart
rate or a respiration rate of the patient.

[0031] The system may include a pivotable display that
displays an image having a desired orientation and the con-
troller may be adapted to automatically change an orientation
of the image in response to pivoting of the display so that a
desired orientation of the image is maintained before and
after the pivoting of the display. The image displayed may
include a graphical representation of a pressure distribution of
the pressure exerted on the patient. The image may also
include an outline of the patient in conjunction with the
graphical image.
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[0032] In some embodiments, notes may be entered by a
caregiver into the system through the user interface whereby
the notes are recorded in a memory for later viewing.

[0033] A communication port may be included that allows
the controller to communicate data gathered from the sensor
array to a display positioned off of the patient support. The
patient support may be one of a bed, a cot, a stretcher, an
operating room table, a recliner, a chair, or the like. A portion
ofthe sensor array may define a pressure sensitive keypad that
may be pressed by a caregiver to control a feature of the
sensing system. The pressure sensitive keypad may include
indicia that are projected onto a surface over the sensor array
by a light projecting device.

[0034] The controller may be divided into multiple compo-
nents and may include a first portion physically attached to
the sensor array and a second portion physically attached to a
display portion of the user interface. The display may include
a zoom feature that allows a caregiver to zoom into images
displayed thereon—such as pressure distribution images—
thereby enabling the caregiver to see the pressure distribution
images with a larger size.

[0035] Inother embodiments, the system may include mul-
tiple sensor arrays. The first sensor array and second sensor
array may be placed in positions that are separate from each
other such that the second sensor array contacts a portion of'a
patient’s body not in contact with the first sensor array. The
multiple sensor arrays may both generate data that is corre-
lated to each other and displayed on a display supported on
the pedestal. The display of data may be done in such a
manner such that a common graphical image is shown on the
display that includes data from both of the multiple sensor
arrays, or, in some embodiments, from more than two sensor
arrays. The common graphical image may be a pressure dis-
tribution image, or some other type of common graphical
image.

[0036] The sensor array may be integrated into a flexible
mat. The sensor array may be configured such that it includes
a substantially continuous array of sensor cells that extend
from a first side of the patient support to a second side of the
patient support, and from a head end of the patient support to
a foot end of the patient support. Thus, the sensor array can
detect pressure applied to all, or substantially all, of the top of
the patient support surface.

[0037] The controller may be configured to use the sensor
array to determine a weight of a patient positioned on the
sensor array and to communicate the weight to a scale system
on the patient support whereby the patient weight may be
used to determine what portion, if any, of the weight detected
by the scale system is non-patient weight. The patient weight
measured using the sensor array may also be used by the scale
system to perform an automatic zeroing function.

[0038] One or more additional footboard sensors may be
included that detect force exerted against any portion of a
patient’s body that comes into contact with the footboard.
When so included, the footboard pressure sensors may com-
municate with the controller such that data regarding the
footboard pressure is displayed on the display associated with
the user interface.

[0039] One or more pillow pressure sensors may also be
included that detect forces exerted by the patient onto the
pillow. When so included, the pillow pressure sensor commu-
nicates with the controller and the system displays informa-
tion gathered from the pillow pressure sensor the display
associated with the user interface. When the pillow pressure
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sensor is included, the controller may also integrate first data
from the sensor array and second data from the pillow pres-
sure sensor into a common graphical image displayed on the
display. The sensor array may include a sensing region large
enough to detect the pillow positioned thereon, and the con-
troller may use the detected position of the pillow on the
sensor array to align a pressure distribution detected by the
sensor array with a pressure distribution detected by the pil-
low pressure sensor. The pillow pressure sensor may be a
flexible mat adapted to envelope the pillow. The pillow pres-
sure sensors may also include one or more reference objects
that are detectable by a sensor in the sensor array such that the
controller may use the reference object to determine an align-
ment of the pillow pressure sensor with the sensor array.

[0040] In other embodiments, a footboard sensor may be
included that detects whether a footboard has been removed
from the patient support and indicates to a caregiver if the
footboard is removed from the patient support. Alternatively,
or in addition, a headboard sensor that detects whether a
headboard has been removed from the patient support and
that provides an indication to the caregiver if the headboard is
removed from the patient support may be provided.

[0041] The system may include an angle sensor adapted to
detectan actual turn angle ofa patient undergoing a caregiver-
assisted turn. Such an angle sensor may include one or more
accelerometers, or other types of angle sensors. The system
may also include a plurality of sensors adapted to determine
whether a plurality of side rails on the patient support are in a
raised position or not, and to communicate such information
to a caregiver. The system may further include a mobile
camera adapted to be releasably coupled to the pedestal.

[0042] The user interface of the system may enable a car-
egiver to enter a Braden scale score and the controller, in
response thereto, may automatically choose at least one alert
criterion based on said Braden scale. The user interface may
further be adapted to allow a caregiver to override the at least
one automatically chosen alert criteria. The alert criteria may
include both a time component and a pressure magnitude
component.

[0043] The system may include a light projector supported
on the patient support that projects color coded light onto a
patient wherein the color coding indicates degrees of pressure
experienced by the patient on the mat.

[0044] The user interface may enable a caregiver to select
an area on the sensor array that, in the absence of any patient
force detected on the selected area, will cause the user inter-
face to indicate an alert condition.

[0045] The sensor array may be incorporated into a flexible
mat that includes both a temperature sensor and a moisture
sensor. When the temperature and moisture sensors are
included, the controller may communicate with a controllable
surface having inflatable chambers positioned underneath the
sensor array in such a manner so as to cause at least one of the
inflatable chambers to change its inflation pressure in
response to temperature and moisture values output from the
temperature and moisture sensors.

[0046] The outputs from the sensors array and/or any other
sensors included in the system may be communicated wire-
lessly to a physical device that contains the user interface, or
that contains the display. Such wireless communication
avoids the need for supplying and arranging one or more
wired connections between the sensor(s) and the user inter-
face and/or display.
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[0047] A printer may be included that allows a caregiver to
print out a paper image representing data gathered from the
Sensor array.

[0048] When the sensor array is incorporated into a flexible
mat, the flexible mat may further include a fluid inflatable
chamber in fluid communication with a plurality of air holes
defined in the bottom side of the mat wherein the inflatable
chamber and air holes are adapted to enable a caregiver to
selectively create an air cushion underneath the mat for facili-
tating the transfer of a patient from one patient support sur-
face to another.

[0049] The user interface may allow a caregiver to select an
area on the sensor array that, in the presence of a threshold
amount of patient movement detected on the selected area,
will cause the user interface to provide an indication discern-
ible to the caregiver. The area selectable by the caregiver may
be one or more of fixed areas, or it may include non-fixed
areas that are definable by the caregiver to enable customiza-
tion of the area’s boundaries.

[0050] The system may be useful during physical therapy
procedures by determining one or more parameters that are
useful for a caregiver during the physical therapy procedure,
and by further forwarding the parameters, or information
related to the parameters, to a display associated with the user
interface.

[0051] The system may keep track of patient pressure read-
ings and movement over extended periods of time so as to
further assist the caregiver. For example, the controller may
store sensor array data in a memory, analyze the data to
determine at least one patient tendency, and provide a recom-
mendation to the caregiver about an action the caregiver can
take to provide better care for the patient in light of the patient
tendency. The time over which such analyzed data may be
gathered may be hours, days, or other amounts of time. The
patient tendency includes any one of the following, or still
other tendencies: sleeping on a particular side of the patient
support, using more than one pillow, or exiting the patient
support from a particular location.

[0052] A camera may be included with the system to take
pictures of patient’s position in order to assist the controller in
correlating the patient’s body to the pressure profile deter-
mined from the sensor array. The pictures may be used to map
the outputs from the sensor array to specific areas of the
patients’ body. Alternatively, the mapping may be carried out
in other manners that do not involve a camera.

[0053] The user interface may allow a caregiver to input a
picture of a patient’s wound or bed sore into memory acces-
sible to the controller. The inputted picture may then be used
by the system in such a manner that the display displays both
the picture of the wound or bed sore and a pressure distribu-
tion profile determined by the controller from the outputs of
the sensor array. This would enable the caregiver to see the
relationship between the wound or bed sore and the pressure
experienced by the patient so as to assist the caregiver in
avoiding excessive pressure being applied to the wound or
bed sore.

[0054] The controller may analyze the outputs from the
sensor array over time and provide a recommendation to a
caregiver of atype of surface to be used on the patient support.
The recommendation may be based upon information stored
in a memory accessible to the controller that indicates which
types of surfaces are available at the particular medical facil-
ity in which the patient support is located. The controller may
also analyze the outputs from the sensor array over time and
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provide a recommendation to a caregiver of a type of patient
support to be used with the patient. The recommendation may
be based upon information stored in a memory accessible to
the controller that indicates which types of patient supports
are available at the particular medical facility in which the
patient support is located.

[0055] The controller may communicate pressure data to a
surface controller that controls a surface positioned on the
patient support in order to enable the surface controller to
target a surface treatment procedure to a specific area of a
patient’s body.

[0056] The controller may also be configured to use the
outputs of the sensor array to determine a patient’s location on
the sensor array, and to use the patient’s location to define a
plurality of zones on the sensor array, wherein the user inter-
face allows a caregiver to select at least one of the zones to
base an alert condition on. The controller may also dynami-
cally adjust the boundaries of the zones if the patient changes
location on the patient support surface.

[0057] The display may be a pivoting display mounted on
the footboard of the patient support, or elsewhere, that auto-
matically changes the images shown thereon based upon the
current pivot position of the display. For example, the display
may automatically change its content depending upon
whether or not the display is facing toward the patient or away
from the patient. Alternatively, the display may automatically
chance the orientation of information displayed thereon in
response to pivoting of the display. Or the display may make
both content and orientation changes in response to pivoting.
[0058] In still other embodiments, the sensor array may be
incorporated into a flexible sheet that includes an adhesive, or
other fastening structure, for attaching the sheet to a patient,
or aportion of a patient’s body. The sheet may then be used to
monitor forces experienced by that particular portion of the
patient’s body.

[0059] It will be understood that all of the various features
recited herein in the “Summary of the Invention” section may
be incorporated in any possible combinations or permuta-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] FIG. 1 is a block diagram of a sensing system
according to a first embodiment;

[0061] FIG. 2 is a block diagram of a sensing system
according another embodiment;

[0062] FIG. 3 is a block diagram of a sensing system
according to still another embodiment;

[0063] FIG.4isa diagram of a sensing system according to
still another embodiment that includes an illustrative bed and
more detail than the drawings of FIGS. 1-3;

[0064] FIG.5isaperspective view of a patient support that
may be used with a sensing system showing a tablet of the
patient support mounted at a head end of the patient support;
[0065] FIG. 6is a perspective view of a patient support that
may be used with a sensing system showing a tablet of the
patient support mounted at a foot end of the patient support;
[0066] FIG. 7 is a plan view diagram of one example of a
sensor array that may be used in any of the embodiments
disclosed herein;

[0067] FIG. 8isa system diagram of an illustrative hospital
network with which the sensing system may be in communi-
cation;
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[0068] FIG. 9is an illustrative screen shot generated by the
sensing system that may be displayed and which illustrates
various features of one embodiment of the sensing system;
[0069] FIG. 10 is another illustrative screen shot generated
by the sensing system that may be displayed in response to a
user selecting the “timeline” control of FIG. 9;

[0070] FIG. 11 is an illustrative screen shot generated by
the sensing system that may be displayed in response to a user
selecting an “events” control and a “snap shot” control in FIG.
10;

[0071] FIG. 12 is another illustrative screen shot generated
by the sensing system that may be displayed in response to a
user selecting the “status” control of FIG. 9;

[0072] FIG. 13 is an illustrative screen shot that may be
generated by the sensing system;

[0073] FIG. 14 is another illustrative screen shot that may
be generated by the sensing system that has different options
than the screen shot of FIG. 13;

[0074] FIG. 15 is another illustrative screen shot that may
be generated by the sensing systeni;

[0075] FIGS. 16-18 are additional illustrative screen shots
that may be generated by the sensing system;

[0076] FIG. 19 is an illustrative screen shot that may be
generated 1llustrating various controls, settings, and/or func-
tions that may be configured by a user of the system;

[0077] FIG. 20 is an illustrative screen shot that may be
generated when a new patient is going to be monitored by the
sensing system;

[0078] FIG. 21 is a perspective view of an illustrative tablet
of the sensing system, showing one manner in which an alert
light may be incorporated thereinto;

[0079] FIG. 21A is a partial, cross-section of an edge of the
tablet of F1G. 21;

[0080] FIG. 21B is a partial, cross-section of an edge of the
tablet of FIG. 21 showing a cover moved to a different posi-
tion than in FIG. 21A;

[0081] FIG. 22 is a perspective view of a tablet showing an
alternative embodiment of an alert light;

[0082] FIG. 22A is a partial, cross-section of an edge of the
tablet of F1G. 22;

[0083] FIG. 23 is a perspective view of a tablet showing
another embodiment of an alert light;

[0084] FIG. 23A is a partial, cross-section of an edge of the
tablet of F1G. 23;

[0085] FIG. 24 is a perspective view of a tablet showing
another embodiment of an alert light;

[0086] FIG. 24A is a partial, cross-section of an edge of the
tablet of F1G. 24;

[0087] FIG. 25 is a perspective view of a tablet showing
another embodiment of an alert light;

[0088] FIG. 26 is a perspective view of a tablet showing
another embodiment of an alert light;

[0089] FIG. 27 is a perspective view of a tablet showing yet
another embodiment of an alert light;

[0090] FIG. 27A is a partial, cross-section of an edge of the
tablet of F1G. 27,

[0091] FIG. 28 is a perspective view of a patient support
showing a tablet and pedestal of the sensing system mounted
thereto;

[0092] FIG. 29 is a perspective view of an embodiment ofa
tablet with a display screen having an illustrative screen shot
displayed thereon;

[0093] FIG. 30is a perspective, exploded view of one man-
ner of constructing a tablet of the sensing system;
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[0094] FIG. 31 is a series of side, elevation views of a
patient support in different orientations to which a pedestal
and tablet of the sensing system is mounted, illustrating the
various mounting positions and orientations of the pedestal
and tablet;

[0095] FIG. 32 is a perspective, exploded view of one
embodiment of a pedestal;

[0096] FIG. 33 is a perspective, exploded view of a second
embodiment of a pedestal;

[0097] FIG. 34 is a perspective view of a mounting bracket
for the pedestal,
[0098] FIG. 35 is a plan view of a conventional IV pole

support hole defined in a patient support;

[0099] FIG. 36 is a diagram of a switch mechanism that
cooperates with the support bracket;

[0100] FIG. 37 is a perspective view of the mounting
bracket inserted into an IV pole support hole of a patient
support;

[0101] FIG. 38 is a plan view of the mounting bracket of
FIG. 37 inserted into the IV pole support hole;

[0102] FIG.39isaschematic view of an illustrative manner
in which cables may be configured for supplying data and
power to the sensing system;

[0103] FIG. 40 is diagram illustrating how a male sized in
the 957 percentile and a female size in the 5” percentile fit on
a mattress that is eighty-four inches long;

[0104] FIG. 41 is a diagram illustrating a number of zones
that may be defined for a sensor array, including their rela-
tionship to the male and female outlines of FIG. 40; and
[0105] FIG. 42 is a diagram illustrating the female outline
of FIG. 40 slide downward on the sensor array.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0106] A sensing system 20 according to a first embodi-
ment is depicted in block diagram form in FIG. 1. Sensing
system 20 is used to sense one or more paraneters that relate
to a patient who may be positioned on a patient support
apparatus, such as a bed, a stretcher, a cot, a recliner, an
operating room table, or other patient support apparatus. In
many embodiments, sensing system 20 detects pressure
exerted by the patient against a surface. The detection of
pressure may be used for multiple purposes including, butnot
limited to, the treatment and/or prevention of pressure ulcers
on a patient. Other uses are also possible, as will be described
in more detail below.

[0107] In the embodiment illustrated in FIG. 1, sensing
system 20 includes a sensor array 22, a controller 24, and a
user interface 26. The sensor array 22 may be incorporated
into a flexible mat that is configured to be positioned on top of
amattress, or other type of patient support surface. A sheet, or
other material, may be placed over the mat and when a patient
sits, lies, or otherwise rests on top ofall or a portion of the mat,
the pressure exerted by the patient onto the mat will be
detected by the sensor array 22 incorporated therein. In other
embodiments, the mat may be positioned on top of other
structures, such as a pillow, a patient positioner, the floor, a
piece of furniture separate from the hospital bed, or some
other object. The details of various illustrative constructions
of the sensor array will be discussed in more detail below.
[0108] The controller 24 may include one or more micro-
processors, microcontrollers, systems-on-a-chip (SoC),
field-programmable gate arrays, application specific inte-
grated circuits (ASICs), any types of programmable logic
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devices (PLDs), discrete logic circuits, or any other electronic
structure or combinations of electronic structures capable of
carrying out the algorithms discussed herein, as would be
known to one of ordinary skill in the art. Such algorithms may
be carried out in software, firmware, or dedicated hardware,
or any combination of these. Controller 24 may be comprised
of multiple components that are located at different physical
locations, including one or more components positioned
physically inside a first device, one or more additional com-
ponents positioned inside a second device, and possibly addi-
tional components positioned inside other devices. For
example, in the embodiment illustrated in F1G. 2, controller
24 includes a sensor controller component and a user intet-
face controller component. The two components may be
located in different devices or housings that are separated
from each other, but in communication with each other via
either wireless communication or one or more communica-
tion wires. In other embodiments, controller 24 may be
entirely located within a single device or housing. Other
details about the structure, functions, and construction of
controller 24 will be provided below.

[0109] User interface 26 enables a user, such as a caregiver,
to control one or more aspects of sensing system 20. User
interface 26 may take on multiple different forms. In one
embodiment, user interface 26 may include a keypad to
enable a user to manipulate sensing system 20. In another
embodiment, user interface 26 may include a touch screen
that allows a caregiver to both visually see information pre-
sented on the touch screen display and to input control
instructions and/or data by physically pressing the appropri-
ate locations on the touch screen. In other embodiments, a
non-touch screen display may be provided that displays infor-
mation about sensing system 20 to the caregiver and/or the
patient. Such a display screen may include any conventional
display technology, such as a liquid crystal display (LCD), a
plasma display, a cathode ray tube, or any other suitable
display technology.

[0110] FIG. 2 illustrates another embodiment of sensing
system in which controller 24 is divided into two physically
separate components: a sensor controller 28 and a user inter-
face controller 30. Further, in the embodiment of FIG. 2,
sensor array 22 is incorporated into a flexible mat 32 that
either incorporates, or is attached to, sensor controller 28.
Sensor controller 28 processes the outputs from sensor array
22 and forwards the processed results to user interface con-
troller 26. User interface controller 30, in the embodiment
illustrated in FIG. 2, is incorporated into the same physical
structure as a display 34. Together, display 34 and user inter-
face controller 24 form all or a portion of user interface 26. It
will be understood by those skilled in the art, however, that
user interface controller 30 could be physically separate from
display 34. It will also be understood that user interface 26
could include additional structures not illustrated in FIG. 2,
such as, for example, a keypad, one or more switches, buttons,
or other structures that allow a caregiver to control one or
more aspects of sensing system 20. Still further, it will be
understood that, although FIG. 2 illustrates sensor controller
28 physically attached to, or incorporated within, flexible mat
32, sensor controller 28 could be physically separate from
flexible mat 32—either incorporated wholly into user inter-
face 26, or wholly separate from user interface 26 in a stand-
alone structure, or divided between multiple structures.

[0111] As withcontroller 24, each controller component 28
and 30 may include one or more microprocessors, systems-
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on-a-chip (SoC), field-programmable gate arrays, discrete
logic circuits, or any other electronic structures or combina-
tions of electronic structures capable of carrying out the algo-
rithms discussed herein, as would be known to one of ordi-
nary skill in the art. Such algorithms may be carried out in
software, firmware, or dedicated hardware, or any combina-
tion of these.

[0112] FIG. 3 illustrates a block diagram of yet another
embodiment of sensing system 20. Sensing system 20 of FIG.
3 differs from the embodiments shown in FIGS. 1 and 2 in that
it includes multiple sensor arrays 22 that communicate with a
single controller 24. The total number of sensor arrays 22 that
communicate with controller 24 in this embodiment may vary
from two sensor arrays up to an arbitrary number n. The
multiple sensor arrays 22 may all be positioned on a single
patient support, such as a bed, cot, stretcher, etc.; or one or
more of them may be positioned on other patient support
structures, such as a recliner or an operating table, or on even
other structures, such as the floor. If more than one array 22 is
positioned on a single support structure, the multiple sensors
may be adhered to a common structure, such as a mattress or
other patient support surface, or they may be adhered to
different structures—such as one or more adhered to pillows,
patient positioners, footboards, headboards, side rails, and/or
the patient support surface. As another example, if multiple
arrays 22 are used on a recliner, one array may be positioned
on a back rest portion of the recliner, another may be posi-
tioned on a seat rest portion of the recliner, and yet another
array 22 may be positioned on a foot rest portion of the
recliner.

[0113] While FIG. 3 illustrates the multiple sensors arrays
22 communicating with a single, common controller 24, it
will be understood that controller 22 in FIG. 3 may be divided
into multiple individual components, just as in the other
embodiments. Thus, for example, each sensor array 22 in the
embodiment of FIG. 3 may include a sensor controller com-
ponent 28 that talks to another controller component wherein
the two or more controller components together make up
controller 24. Multiple user interfaces 26 could also be used,
although a single user interface that allows control over mul-
tiple sensor arrays 26 may be more desirable in some embodi-
ments.

[0114] FIG. 4 provides a more detailed overview of another
embodiment of sensing system 20 and a patient support 36
with which sensing system 20 may be used. In the embodi-
ment of FIG. 4, sensor array 22 is incorporated into a flexible
mat 32 thatis shaped to fit over a mattress 38, or other support
surface, supported on patient support 36. Flexible mat 32 may
be integrated into a mattress cover that fits over mattress 38, or
it may be a separate structure that is positioned on top of the
mattress cover. In the embodiment shown in FIG. 4, flexible
sheet 32 is physically shaped in a manner similar to a con-
ventional fitted sheet. That 1s, it includes side sections 40 that
fit over all or a portion of the sides 42 of mattress 38. An
elastic band, draw string, Velcro® or other type of structure
may be used to secure flexible mat 32 to mattress 38. Such a
structure may also assist in maintaining a top surface 44 of
flexible mat 32 in a generally smooth state such that no
portions of flexible mat 32 are folded over on each other or
bunched together. This helps avoid sensing errors that may
otherwise occur if mat 32 is folded onto itself or bunched
together.

[0115] In the embodiment of FIG. 4, controller 24 is split
amongst a sensor controller 28 and a user interface controller
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30 incorporated inside of a tablet 44. Sensor controller 28 is
labeled as EDM in F1G. 4, which stands for electronic control
module. While sensor controller 28 is shown attached to, or
incorporated inside of, a side section 40 of flexible mat 32, it
will be understood that sensor controller 28 may be posi-
tioned elsewhere. Further, as was note above, sensor control-
ler 28 and user interface controller 30 could be integrated into
a single physical location, if desired.

[0116] Sensor controller 28 of FIG. 4 communicates with
user interface controller 30, positioned inside of tablet 44, by
a wired communication line 46. As shown in FIG. 4, wired
communication line 46 comprises a 10/100 Megabits/second
Ethernet cable. It will be understood by those skilled in the
art, however, that other types of communication lines may be
used, such as different types of Ethernet standards and/or
speeds, as well as completely different communication pro-
tocols (e.g. Controller Area Network, Firewire, Local Oper-
ating Network (LON), various fieldbuses, etc.), as well as
serial communication lines, wireless communication such as
ZigBee or other IEEE 802 standard-based protocols, as well
as other types of communication lines. Communication line
46 transmits bidirectional communication between flexible
mat 32 and tablet 44. In this manner, tablet 44 is able to not
only receive data from flexible mat 32, itis also possible fora
user to issue commands via tablet 44, or other means, that
forward commands or control signals to flexible mat 32.
[0117] In the embodiment illustrated in FIG. 4, user inter-
face 26 is comprised of tablet 44, which includes a display or
display screen 48. Display screen 48 may be a touch screen
that senses the touch of a caregiver against display screen 48
and responds appropriately, depending upon the position on
screen 48 which the caregiver touched, as well as the content
displayed on screen 48 at the time the caregiver touched
screen 48. In addition to, or in lieu of, a touch screen type of
display 48, one or more keys, buttons, switches, computer
mice, or other input devices could be coupled to tablet 44 to
allow a caregiver to input data or control instructions.
[0118] Tablet44in FIG. 4is supported on a pedestal 50 that
includes a boom arm 52 and a bracket 54. Pedestal 50 is
configured to be mounted on patient support 36. Specifically,
as will be discussed in more detail below, pedestal 50 is
designed to be mounted to any of the conventional IV pole
support holes defined on patient support 36. Typically, con-
ventional patient supports 36 include an I'V pole support hole
at each corner of the patient support 36. FIGS. 5-6 illustrate a
pedestal 50 mounted to two different IV pole support holes. In
FIG. 5, pedestal 50 is mounted to an IV pole support hole
positioned adjacent a first corner at the head end of the patient
support 36. In FIG. 6, pedestal 50 is mounted to an IV pole
support hole positioned adjacent a second corner at the foot
end of the patient support 36. In both FIGS. 5 and 6, an IV
pole 56 is shown mounted to the patient support 36. As will be
discussed in greater detail below, pedestal 50 may be config-
ured to support both itself and a conventional IV pole in the
same [V pole support hole. In this manner, both pedestal 50
and an IV pole 56 may be simultaneously mounted in the
same IV pole support hole of a patient support, such as is
shown in FIG. 5.

[0119] Inadditionto auser interface controller 30, tablet 44
may include any one or more of the following features: a
display screen; one or more light emitting diodes (LEDs); a
removable memory—such as a flash memory card slot (e.g.
Compact Flash, Secure Digital (SD), Memory Stick, xD,
Multimedia Card (MMC), etc.}—or any other type of remov-
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able memory; a data processor; a hard reset button; a bar code
or other type of light reader; a speaker and/or a buzzer; power
and data connectors; swiveling and tiltable bracket; one or
more batteries for providing backup electrical power in the
case of a power supply disruption or during transport of a
patient; and a wireless communication transceiver for
enabling wireless communications between tablet 44 and a
physically separate device, such as, but not limited to, a
hospital communication network.

[0120] When configured with a wireless communication
transceiver, tablet 44 may communicate with a hospital net-
work such that information gathered from sensing system 20
can be forwarded to one or more other entities within the
hospital, or other medical facility, that can make use of such
information. For example, as will be discussed in more detail
below, sensing system 20 can be configured to generate a
variety of different alerts, depending upon how sensing sys-
tem 20 is designed, and also depending upon how a user
configures the various settings of sensing system 20. Such
alerts may be desirably forwarded to a nurse call system
within a medical care facility. By sending an alert wirelessly
from tablet 44 to the hospital communication network, a
server or other computer device associated with the nurse call
system can detect the alert and forward it to the appropriate
caregiver in a manner dictated by the nurse call system. Thus,
system 20 can be connected to a nurse call system for for-
warding alert conditions to a patient’s caregiver.

[0121] As another example, system 20 can forward infor-
mation to a hospital network that is picked up by an electronic
medical records (EMR) server, or other device, in communi-
cation with the network. The electronic medical records
server takes the data transmitted by tablet 44 and stores itina
particular patient’s electronic medical records, thereby elimi-
nating the potential for medical transcription errors, as well as
recordation omissions. Tablet 44 may also communicate with
other systems or subsystems that are communicatively
coupled to the hospital network, besides nurse call system and
an electronic medical system.

[0122] In addition to sending signals to a hospital commu-
nication network, tablet 44 may receive signals from the
communication network that originate from a variety of dif-
ferent sources. For example, if a speaker and microphone are
included on the tablet, voice communication between a
remotely located caregiver and the patient may be effectuated
using the wireless transmission of voice packets. As another
example, a hospital’s existing Admission, Discharge, and
Transfer (ADT) system, which stores patient information,
may communicate the name and other appropriate informa-
tion to tablet 44 so that tablet 44 will know what patient is
currently occupying the patient support that is being used
with sensing system 20. Tablet 44 may then display this
information to a caregiver, or use it to correlate medical
records information so that information transmitted by tablet
44 to an EMR system can be correlated to a specific patient, or
both.

[0123] While the use of a wireless transceiver in sensing
system 20 has been discussed herein as being integrated into
tablet 44, it will be understood by those skilled in the art that
the wireless transceiver could be positioned in any desired
location. Further, it will be understood that the specific man-
ner in which the wireless communications take place can be
varied. For example, the wireless communication may take
place in accordance with any of the various IEEE 802.11
standards (802.11(a), (b), (g), (2007), (n)), or any other type

Feb. 6, 2014

of wireless communication standard. The hospital network
may be an Ethernet, or other type of network, and the wireless
transceiver of sensing system 20 may communicate with one
or more wireless access points positioned within the hospital.
[0124] It will also be understood that, in at least some
embodiments, sensing system 20 could communicate infor-
mation to a hospital network using one or more wired con-
nections. Such wired connections could utilize existing nurse
call cables, or it could utilize wired connections to medical
device hubs positioned within a patient’s room, such as, for
example, a CareAware Connectivity Engine marketed by
Cerner Corporation of Kansas City, Mo. Still other types of
wired connections may be used.

[0125] Electrical power may be supplied to sensing system
20 in any suitable manner. As shown in the embodiment of
FIG. 4, an electrical power cord 58 is included that plugs into
a conventional electrical wall outlet. Power cord 58 is con-
nected to an electrical transformer 60 that converts the AC
wall outlet power into a DC current of suitable voltage for
both sensor array 22 and tablet 44. Such DC power is carried
to sensor array 22 and tablet 44 by wires 62 and 64, respec-
tively. In alternative embodiments, sensing system 20 could
be configured to draw power by tapping directly into a power
source on the patient support 36. Still further, in at least one
embodiment, sensing system 20 could receive power from
patient support 36 through an inductive power transfer device
positioned on the support 36 that inductively transferred elec-
trical power from the frame of support 36 to sensing system
20 (as well as, in some cases, to a mattress), one example of
such a system being disclosed in commonly assigned, co-
pending U.S. patent application Ser. No. 13/296,656, filed
Nov. 15, 2011 by applicants Guy Lemire, et al. and entitled
PATIENT SUPPORT WITH WIRELESS DATA AND/OR
ENERGY TRANSFER, the complete disclosure of which is
incorporated herein by reference. Still further, patient support
36 itself could receive electrical power inductively from a
wall or floor mounted inductive transfer station, examples of
which are also disclosed in this commonly assigned Ser. No.
13/296,656 application, which is incorporated herein. A bat-
tery 66 could also be provided within tablet 44 for providing
power during times when power from a wall outlet is not
available, such as during transit of patient support 36, or at
other times. Similarly, one or more batteries could be pro-
vided, if desired, for providing power to flexible mat 32
during times when electrical power is not available from a
wall outlet.

[0126] In the embodiment illustrated in FIG. 4, tablet 44
also communicates with a patient support locator device 68
that is positioned on patient support 36. Such communication
may take place over a communication line 72 that connects
device 68 to table 44. The communication of tablet 44 with
locator device 68 is an optional feature that may ormay not be
part of the designed capabilities of tablet 44. Patient support
locator device 68 may be any type of device that is capable of
being used to determine the location, such as the room num-
ber, of patient support 36. In some instances, where multiple
patient supports 36 may be positioned within a single hospital
room, locator device 68 may be configured to determine
which section of the room the patient support is currently
located.

[0127] Inoneembodiment, locator devices 68 may be con-
figured in any of the manners described in commonly
assigned, U.S. Pat. No. 7,598,853 issued to Becker et al., and
entitled LOCATION DETECTION SYSTEM FOR A
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PATIENT HANDLING DEVICE, the complete disclosure of
which is hereby expressly incorporated herein by reference.
Locator devices 68 communicate with stationary locator
devices 70 that are mounted in fixed locations, such as to a
wall, ceiling, or other non-mobile locations. Stationary loca-
tor devices 70 transmit a signal that is unique to each device
70 and which can be detected by a device 68 when the device
68 is within relatively close proximity to a device 70. By
storing a list of where each unique stationary device 70 is
located within a hospital, or other facility, the location of a
device 68—and also the patient support 36 to which is it
physically coupled—can be determined by correlating the
unique signal detected by device 68 (which was transmitted
from a device 70) to the stored list that identifies the specific
location for that particular device 70. Such correlation may be
performed by electronic circuitry contained within device 68,
or within tablet 44, or within other circuitry positioned on
patient support 36, or by circuitry positioned remotely from
patient support 36. If performed remotely from patient sup-
port 36, tablet 44 may wirelessly transmit the unique code or
signal detected by patient support locator device 68 to a
computer, server, or other remote component which then
determines where patient support 36 is located by consulting
the stored list of the locations of stationary devices 70.

[0128] Regardless of the precise manner by which bed
locator device 68 determines the location of patient support
36, sensing system 20 may use this location information in
multiple ways. By knowing either the actual room location of
patient support, or information sufficient to enable a remote
device to determine the actual room location, tablet 44 can
include this information when issuing an alert. As noted pre-
viously, such alerts may be issued wirelessly via a WiFi
connection, or any other wireless communication protocol.
By including the room location in the alert, or information
sufficient to enable the room location to be determined by a
remote electronic component, the ultimate delivery of the
alert message to the caregiver can include the location of the
sensing system 20 that is issuing the alert.

[0129] Tablet 44 may also use room location data when
transmitting data to an electronic medical record, or to an
intermediate device or system that forwards the data to an
electronic medical record. The transmission of room location
data may be used by the electronic medical record system to
correlate the transmitted data to a particular patient. In addi-
tion, or alternatively, the transmission of room location data
may be used by the electronic medical records system as a
cross check to insure that the transmitted data is being input
into the correct patient’s electronic medical record. For
example, if tablet 44 transmits medical data and location
information identifying its location as room 3446, the elec-
tronic medical record system may check one or more separate
databases (such as, but not limited to, an Admission, Dis-
charge, and Transfer—ADT—database) that correlate a spe-
cific patient and his or her room number, and if that room
number does not match room 3446, an error signal may be
communicated to the appropriate hospital personnel.

[0130] Tablet44 may also use room location data in order to
automatically populate its memory with all or any of the
relevant patient data that it uses and/or displays. For example,
once tablet 44 knows its room location, or sufficient informa-
tion to determine its room location, it may transmit that infor-
mation to a computer, server, or other remote device. In
response, the computer, server, or other remote device may
wirelessly transmit data to tablet 44 indicating who the par-
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ticular patient is that is currently occupying patient support
36. Tablet 44 may then display all of some of this information
ondisplay screen 48 so that a caregiver will have access to this
patient information. This also frees the caregiver from having
to manually enter patient data into tablet 44. The patient
information transmitted to tablet 44 may include any relevant
patient information, including not only the patient’s name,
butalso any and all medical information about the patient that
may be desirably displayed on tablet 44, or otherwise used in
conjunction with the operations performed by tablet 44 and/
or sensing system 20.

[0131] The manner in which alerts are forwarded to car-
egivers from tablet 44, as well as the manner in which patient
data and/or other data is communicated to and from tablet 44,
can vary. FIG. 8 illustrates a system diagram of one example
of a hospital’s computer network arrangement and the man-
ner in which sensing system 20 may be integrated therein.
More particularly, FIG. 8 shows two different manners in
which system 20 may be integrated into a hospital’s commu-
nication system. In a first manner, tablet 44 may communicate
wirelessly directly with a hospital’s computer network 74.
Such communication may take place through one or more
wireless access points (not shown) positioned throughout the
hospital. In a second manner, communication may take place
via a serial cable 76 that plugs into an in-room hub device 78.
As was noted previously, one such in-room hub device 78
could be a CareAware Connectivity Engine marketed by
Cerner Corporation of Kansas City, Mo. Still other types of
devices may be used. The in-room hub device 78 may act as
a hub for receiving data cables from one or more other medi-
cal devices positioned within the room. The hub device 78
takes the data from each of the connected devices and for-
wards it the appropriate remote computer(s) and/or server(s)
on the hospital network 74.

[0132] The hospital network 74 may be in communication
with a plurality of different servers that each perform specific
functions. For example, the hospital network 74 may be in
communication with an in-room hub device server 80, an
electronic medical records server 82, a workflow server 84, a
tablet server 86, a mobile communications server 88, an
admissions, discharge and transfer (ADT) server 90, and/ora
nurse call server 92. The in-room hub device server 80, elec-
tronic medical records server 82, workflow server 84, mobile
communications server 88, ADT server 90, and nurse call
server 92 may be conventional servers or servers that are
otherwise already part of the hospital’s, or other healthcare
facility’s, information technology infrastructure.

[0133] The in-room hub device server 80 may function to
process and route information transmitted over the hospital
network from one or more in-room hub devices 78. The EMR
server 82 may act as the electronic gateway for disseminating
information from a patient’s electronic medical records to
any appropriate devices in communication with the hospital’s
computer network, as well as to receive and store information
forwarded to it over the network 74 that is to be stored in a
patient’s electronic medical record. Workflow server 84 may
oversee caregiver assignments, shifts, and other tasks associ-
ated with the caregivers.

[0134] Tablet server 86 may be included to receive and
process information transmitted from one or more tablets 44
positioned throughout the hospital. When so included, tablet
server 86 may forward information received from one or more
tablets 44 to any of the other servers or other devices that are
in communication with computer network 74. Tablet server
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86 may also disseminate information to one or more tablets 44
thatit receives from any of the servers or other devices that are
in communication with computer network 74. In an alterna-
tive embodiment, tablets 44 could be configured so that they
could talk directly to one or more of the non-tablet servers,
thereby eliminating the need for a tablet server 86.

[0135] Mobile communication server 88 may be in com-
munication with hospital network 74 so that information from
any of the other servers, including tablet server 86 and/or
tablets 44, may be forwarded onto to wireless, portable com-
munication devices that are carried by caregivers. Such com-
munication devices may include personal digital assistants,
pagers, cell phones, smart phones, BlackBerries®, computer
tablets, or other similar type devices. If sensing system 20
detects a condition that gives rise to an alert, tablet 44 may
communicate this information to network 74—via either a
wireless connection or a wired connection—where tablet
server 86 may pick up this information and forward it to
mobile communication server 88 for wireless forwarding to
the appropriate personnel. Alternatively, as noted, tablet 44
may communicate this information directly to mobile com-
munication server 88 in some embodiments.

[0136] ADT server 90 may also be in communication with
hospital network 74 so that patient information stored in the
ADT system may be disseminated to any device in commu-
nication with hospital network 74, including, but not limited
to, one or more tablets 44. Still further, a nurse call server 92
may be in communication with network 74 so that informa-
tion forwarded to the network from one or more tablets 44
may be communicated via the hospital’s existing nurse call
system, if desired.

[0137] As shown in FIG. 8, a conventional nurse call cable
94 may be coupled between patient support 36 and a conven-
tional nurse call system. Nurse call cable 94 communicates
data from patient support 36, as well as voice signals from a
microphone that may be positioned on patient support 36. In
at least one embodiment, tablet 44 does not use nurse call
cable 94 for communications. Instead, as noted, tablet 44 may
communicate either wirelessly or via a serial cable.

[0138] The foregoing description of sensing system 20 has
provided a general overview of various of its components
according to several embodiments. A more detailed descrip-
tion of several of these components is provided below. Spe-
cifically, each of the following components or aspects is dis-
cussed in greater detail below: flexible mat 32, controller 24,
user interface 26, and additional sensors.

[0139] Flexible Mat 32

[0140] One embodiment of a flexible mat 32 into which
sensor array 22 may be incorporated is shown in more detail
in FIG. 7. Flexible mat 32 includes a pair of sides 98, a head
end 100, a foot end 102, and a top surface 104. Flexible mat 32
may be made from a variety of different types of materials. In
oneembodiment, flexible mat 32 may be made from materials
that have characteristics similar to a conventional fitted sheet
that can be placed over a mattress. That is, flexible mat 32 may
be soft and stretchy such that it does not substantially alter the
feel of the underlying mattress to the patient. In some embodi-
ments, flexible mat 32 and sensor array 22 may be made of
materials that are X-ray compatible such that X-rays may be
taken of a patient while in contact with mat 32 without having
any of the materials of mat 32 interfere with the quality of the
resulting X-ray image.

[0141] Inthe embodiment shown in FIG. 7, flexible mat 32
is adapted to be releasably coupled to a mattress, or other type
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of support surface, positioned on patient support 36 by way of
a drawstring 106. Drawstring 106 extends into and out of the
material of flexible mat 32 generally around the perimeter of
mat 32 in the lower regions of sides 98, head end 100, and foot
end 102. The location of drawstring 106 on flexible mat 32 is
such that, when mat 32 is coupled to a mattress 38, drawstring
106 will be positioned underneath the bottom surface of the
mattress. Thus, when drawstring 106 is pulled tight, the
length of the perimeter defined by drawstring 106 will be
reduced to a magnitude that is less than the perimeter of the
mattress, thereby preventing flexible mat 32 from being
removed from the mattress 38 without loosening drawstring
106. When drawstring 106 is tightened, it may be held in the
tightened state by any conventional means, such as a clamp
108, or other type of locking mechanism that maintains the
desired tension in drawstring 108.

[0142] Alternative mechanisms may be used to releasably
secure flexible mat 32 to mattress 38. As but one example,
suitably positioned Velcro may be incorporated into mat 32
that releasably attaches to correspondingly positioned Velcro
on mattress 38, patient support 36, or other structure. In other
embodiments, an elastic drawstring, or elastic structure simi-
lar to a fitted sheet may be used. In some embodiments, the
mechanism used to secure mat 32 to mattress 38 will provide
sufficient tension in mat 32 such that no portions of top
surface 104 are likely to be creased, folded over, or otherwise
bunched up in a manner that might interfere with the sensing
of data by sensor array 22.

[0143] Sensor array 22 is incorporated into flexible mat 32
in the embodiment shown in FIG. 7. Sensor array 22 may take
on a variety of different dimensions. As one example, sensor
array 22 may have a width W of approximately 57 inches and
a length L of approximately 75 inches. It will be understood
by those skilled in the art, however, that this is but one of many
possible sets of dimensions and that widths and lengths of
different dimensions may be used. In the embodiment of FIG.
7 the dimensions of sensor array 22 are generally large
enough such that sensor array 22 can detect patient pressure at
substantially all locations on the top surface of mattress 38.
That is, the dimensions of sensor array 22 generally match the
dimensions of the top surface of mattress 38 so that sensor
array 22 can detect patient pressure regardless of whether the
patient’s body or limbs are positioned along the sides of the
support surface, or near the foot or head ends of the support
surface, or anywhere in between these extremes. This allows
sensing system 20 to detect patient pressure regardless of
where the patient is positioned on mattress 38 of patient
support 36.

[0144] It will be understood by those skilled in the art that
sensor array 22 may be changed from the configuration
shown in FIG. 7. For example, in some embodiments, it may
be desirable for sensor array 22 to be positioned only over a
portion of the top surface of mattress 38. Sensor array 22 can
therefore be targeted to a specific area or zone of a patient’s
body in some instances. In the embodiment shown in FIG. 7,
sensor array 22 is generally continuous. That is, there are no
substantially gaps between individual sensor cells 110. In
other embodiments, sensor array 22 may be configured such
that gaps exist between the individual sensor cells.

[0145] The construction of sensor array 22 may be accom-
plished in a variety of different manners. In at least one
embodiment, sensor array 22 is made of a plurality of row
conductors positioned in a first plane, a plurality of column
conductors positioned in a different plane, and a layer of
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piezoresistive material positioned in a third plane thatis sand-
wiched between the first and second planes. The electrical
resistance between a specific row conductor and a specific
column conductor will thus depend upon the electrical resis-
tance of the piezoresistive material sandwiched therebe-
tween. By measuring this resistance, the pressure exerted by
apatient on the portion of flexible mat 32 at the intersection of
the specific row conductor and column conductor can be
determined. By measuring this for all of the intersections of
row and column conductors, the pressure exerted by the
patient on mat 32 can be determined over the entire surface
area defined by sensor array 32. Further, by repetitively mea-
suring the pressures at each intersection, the pressure exerted
by the patient on mat 32 over a time interval can be deter-
mined. A memory in communication with one of sensor con-
troller 28, user interface controller 30, or some other suitable
controller, may store the pressure readings, or a subset of the
pressure readings. for various types of analysis, as will be
discussed in more detail below.

[0146] It will be understood by those skilled in the art that
other types of pressure sensing technology may be utilized
other than piezoresistive technology. For example, sensor
array 22, in at least one embodiment, could use a layer of
piezoelectric material that generated voltage changes in
response to patient pressure. As yet another alternative, sen-
sor array 22 could be made of capacitive sensors that change
capacitance in response to patient pressure. In still other
embodiments, still other types of patient pressure sensing
technology could be used in sensor array 22, including com-
binations of multiple different sensing technologies within
the same array 22, or within the same mat 32.

[0147] In one embodiment, the physical construction of
sensor array 22 may be the same as that disclosed in com-
monly assigned, co-pending, U.S. patent application Ser. No.
12/075,937 filed Mar. 15, 2008 by inventor Geoffrey L. Tay-
lor and entitled ADAPTIVE CUSHION METHOD AND
APPARATUS FOR MINIMIZING FORCE CONCENTRA-
TIONS ON A HUMAN BODY, the complete disclosure of
which is hereby incorporated herein by reference. In another
embodiment, the construction of sensor array 22 may be the
same as that disclosed in commonly assigned, co-pending
U.S. patent application Ser. No. 12/380,845 filed Mar. 5, 2009
by inventor Geoffrey L. Taylor and entitled ELASTICALLY
STRETCHABLE FABRIC FORCE SENSOR ARRAYS
AND METHODS OF MAKING, the complete disclosure of
which is hereby incorporated herein by reference. In still
other embodiments, the construction of sensor array 22 may
be the same as any of those disclosed in commonly assigned
U.S. Pat. Nos. 7,282,654 entitled PATIENT WEIGHING
SYSTEM; 6,396,004 entitled PATIENT WEIGHING APPA-
RATUS; 6,180,893 entitled PATIENT WEIGHING APPA-
RATUS; or U.S. patent application Ser. No. 12/154,559 filed
May 23, 2008 by inventors Peter Salgo et al. and entitled
SYSTEM AND METHOD FOR PATTENT MONITORING;
the complete disclosure of all of which are incorporated
herein by reference. In yet other embodiments, sensor array
22 may be constructed in accordance with any of the sensing
arrays disclosed in U.S. Pat. Nos. 7,201,063 entitled NOR-
MAL FORCE GRADIENT/SHEAR FORCE SENSORS
AND METHOD OF MEASURING INTERNAL BIOLOGI-
CAL TISSUE STRESS; 6,543,299 ENTITLED PRESSURE
MEASUREMENT SENSOR WITH PIEZORESISTIVE
THREAD LATTICE; or 6,155,120 entitled PIEZORESIS-
TIVE FOOT PRESSURE MEASUREMENT METHOD
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AND APPARATUS; the complete disclosures of all of which
are hereby incorporated herein by reference. In still other
embodiments, the construction of sensor array 22 may com-
bine any one or more of the features in any one of these
incorporated references into a single array 22.

[0148] The size of sensor array 22 may be varied to cover
areas significantly less than the surface area of the top surface
of mattress 38, as well as areas significantly more than the
surface area of the top surface of mattress 38. For example,
sensor array 22 may be dimensioned to take pressure mea-
surements over only a portion of the top surface of mattress
38. In other embodiments, the area of sensor array 22 may be
larger than the top surface of mattress 38 such that sensor
array 22 can detect pressure exerted by the patient against
neighboring objects, such as a footboard, headboard, side rail,
or other parts of patient support 36. Still further, in some
embodiment, multiple separate sensor arrays 22 may be
incorporated into one or more flexible mats 32 so that pres-
sure readings from may be taken from different areas. In such
cases, the flexible mats 32 may be positioned around different
objects. For example, one mat 32 might cover mattress 38,
while another mat 32 covered a pillow, while perhaps one or
more additional mats covered patient positioners used to help
turn a patient. Still more mats 32 with additional sensor arrays
22 could be used.

[0149] Sensor Controller 28

[0150] Regardlessofthe number of sensor arrays 22 used in
conjunction with a particular patient support 36, and regard-
less of whether the sensors arrays are incorporated into one or
more flexible mats, the outputs from each sensor cell 110
within the sensor array may be detected by sensor controller
28. Sensor controller 28 may be configured to scan the out-
puts from each of the multiple sensor cells 110; that is, sensor
controller 28 may be configured to sequentially take readings
from each of the sensor cells. The particular order in which
the outputs from the individual cells 110 are read by control-
ler 28 may be varied. In some embodiments, controller 28
may include circuitry that enables it to simultaneously take
pressure readings from two or more pressure cells, therefore
reducing the overall amount of time it takes to take readings
from all of the cells 110.

[0151] Insomeembodiments, sensor controller 28 will take
measurements from each sensor cell 110 multiple times a
second, such as, but not limited to, 1-10 times per second, or
at other frequencies. In other embodiments, sensor controller
28 will take pressure measurements of a subset of sensor cells
110 at one or more different frequencies than one or more
other subsets of different sensor cells 110. For example, if
sensing system 20 is being used to detect a vital sign of a
patient, such as, for example, a heart rate, then sensor con-
troller 28 might be configured to take readings from those
sensor cells 110 near the torso of the patient at a frequency
that is higher than the frequency of readings taken from other
sensor cells 110. The frequency at which sensor cell readings
are taken may therefore be adjusted for different regions or
zones of sensor array 22. Further, as will be discussed in
greater detail below, the specific zones or regions may have
boundaries that can be configured by the user, or which can be
automatically configured by the system 20, and which may
dynamically change as the patient moves. Still further, system
20 may automatically change the frequency at which readings
are taken from specific zones depending upon what the zone
is, its relationship to the patient’s body, and/or any other
desired factors.
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[0152] Sensor controller 28 may take pressure readings
from each individual pressure cell 110 in any of a variety of
different manners. If sensor array 22 is comprised of piezore-
sistive materials whose electrical resistance varies in
response to pressure, any circuitry capable of detecting
changes in the electrical resistance level within cells 110 may
be used. Such circuitry, for example, might detect changes in
electrical current, changes in voltage, changes in capacitive or
inductive time constants, or any other electrical characteris-
tics that are influenced in a known manner by changes in the
electrical resistance of cells 110. Such types of circuitry
would be within the skill of one of ordinary skill in the art. If
sensor array 22 uses sensing technology other than piezore-
sistive materials, such as piezoelectric, capacitive, or other
technology, sensor controller 28 may detect the changes using
still different types of circuitry.

[0153] Inconverting the measured electrical characteristic,
such as resistance, into a pressure reading, sensor controller
28 may rely upon one or more calibration measurements.
Such calibration measurements may be performed in any
manner. As one example, calibration may be performed by
placing known amounts of weight and/or pressure over the
sensor array 22 and detecting the readings from each of the
cells 110 that are experiencing a force component from the
weight and/or pressure. Calibration values can then be deter-
mined for future use in correlating the electrical readings
from the sensor cells 110 to pressure values. The pressure
values may be measured in any suitable units (such as, but not
limited to, inches of mercury, pascals, bars, etc.).

[0154] Depending upon the construction of sensor array 22,
calibration may be repeated at various times throughout the
life of sensor array 22 and/or flexible mat 32. Whether such
calibration is repeated or not, the results of the calibration
may be stored within a memory accessible to sensor control-
ler 28. When sensor array 22 is then in use, sensor controller
28 can read the calibration value or values from the memory
and use in the conversion of raw electrical readings into
pressures. In one embodiment, the memory may be a non-
volatile memory that is contained within a physical housing
that also houses sensor controller 28. For example, a memory
may be contained with the sensor controller 28 (marked
ECM) shown in FIG. 4. By storing these values here, a flex-
ible mat 32 and its associated controller 28 can be replaced on
a particular patient support without changing the user inter-
face, and/or any of the other components of sensing system
20. In other words, the ECM can carry out all of the calibra-
tion functions without having to rely on any separate or extra-
neous components to do so, thereby freeing the user interface
26 and/or user interface controller 30 from being involved in
the calibration process. In other embodiments, however, one
or more aspects of the calibration process may be performed
by user interface controller 30, or some other controller other
than sensor controller 28.

[0155] In some embodiments, sensing system 20 may be
configured to carry out an automatic, or semi-automatic, cali-
bration process by using data from one or more weight sen-
sors that are integrated into patient support 36. Many conven-
tional patient supports include a scale system, which may
include load cells or other sensors, that enables the patient
support to determine the weight of a patient, or other items,
positioned on the patient support 36. Sensing system 20 may
be configured to receive this weight data and use it to auto-
matically calibrate a particular sensor array 22. The manner in
which sensing system 20 receives this weight data may vary.
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For example, patient support 36 may include a data port built
into it that allows a data cable to be connected between one or
more components of sensing system 20 and an electronic
interface of patient support 36 that outputs the weight data
sensing by the patient support’s scale system. Thus, for
example, if the scale system of patient support 36 indicates
that a weight of 150 pounds is currently positioned on top of
the support surface of the patient support, this data can be
communicated to sensing system 20 so that one of the con-
trollers within system 20 can correlate the sensing weight to
the sensor cells readings. The particular component of sens-
ing system 20 to which the weight data may be communicated
can be varied, but could include sensor controller 28, or user
interface controller 30, or some other component.

[0156] Ifsensingsystem 20 is configured to use weight data
from patient support 36 for calibration purposes, sensing
system 20 may perform such calibrations automatically at
any time that valid weight data is available from the bed, or it
may perform it automatically at certain configurable intervals
(e.g. daily, weekly, monthly, every time a new patient uses the
system, etc). Alternatively, system 20 could be configured
such that an auto-calibration is only performed in response to
a user pressing a specific button, or icon, or the like, on user
interface 26. As yet another alternative, system 20 could be
configured to enable automatic periodic calibrations, as well
as manually chosen times for carrying out the automatic
calibrations.

[0157] Insome embodiments, sensor controller 28 may be
physically and removably separable from flexible mat 32. In
such embodiments, if flexible mat 32 has to be cleaned or
discarded, or the like, sensor controller 28 may be removed
and used with another flexible mat. This decreases the overall
cost of replacement mats 32. Such removability of ECM 28
may be accomplished in any of a variety of different manners.
As one example, a pocket, or the like, may be sewn into a side
section 40 (FIG. 4), or other portion, of flexible mat 32.
Sensor controller 28 may then be physically inserted into the
pocket and then electrically coupled to one or more cables
that are in electrical communication with each of the sensor
cells 110. Communication line 46 and/or power line 62 may
then be coupled to sensor controller 28.

[0158] Conditions Sensed

[0159] Sensing system 20 uses the outputs from sensor
array 22 to detect one or more different conditions that relate
to the patient and/or the patient support 36. For many of these
conditions, the sensing is performed by performing one or
more algorithms on the pressure data that is gathered from
sensor cells 110. The processing of these algorithms may take
place in any suitable controller. That is, the processing may be
performed by sensor controller 28, user interface controller
30, both, or either wholly or partially by still other controllers.
Some of the various conditions that may be sensed by sensing
system 20 are discussed in greater detail below.

[0160] In one embodiment, sensing system 20 may detect
whether a patient has sat up while being positioned on flexible
mat 32, or on any other structure that incorporates one or more
sensor arrays 22. The detection of a patient sitting up can be
accomplished by analyzing the outputs of sensor array 22 in
various manners. For example, a controller (such as control-
lers 28, 30, or otherwise) can look for changes in the total area
over which a patient’s pressure is being exerted on sensor
array 22, combined with changes in pressure sensed by sensor
array 22. Thus, as but one example, a controller can look for
a threshold decrease in the area over which pressure is dis-
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tributed along with a corresponding increase in the magnitude
of the pressure within the area on which the patient is still in
contact. This situation would typically occur when a patient
moves from a supine position—in which their weight is dis-
tributed over a relatively large area—to a sitting up position,
in which their weight is distributed over a smaller area (e.g.
the patient’s derriere), but with an increased magnitude. In
other embodiment, only changes in the total area of sensor
array 22 contacted by the patient may be used, without taking
into account changes in the magnitude of the pressure. In still
other embodiments, only changes in the magnitude of the
pressure may be analyzed to determine a patient sitting up,
without taking into account the size of the area over which the
pressure is distributed.

[0161] Still other manners in which the transition to sitting
up can be detected may be used. In one such embodiment, the
controller may look at changes in specific zones on the sensor
array 22 that are experiencing pressure. If the patient’s weight
distribution changes to become more focused on a particular
zone, such as a zone corresponding to the patient’s posterior,
then this can be used to indicate that a patient has sat up. The
use of zones is described in more detail below.

[0162] A user of sensing system 20 can determine whether
an alert should be issued when a patient sits up. This can be
done via user interface 26. If an alert is not desired, user
interface can instead, if desired, simply record the time at
which the patient was determined to have sat up. This time
may then be retrieved via user interface 26 for later viewing
by caregivers. Still further, if a user desires, he or she can
utilize user interface 26 to electronically forward information
about the act of sitting up to an electronic medical record
server or system via the wireless connection within tablet 44,
or any other suitable electronic connection. System 20 may
further record the pressure distribution sensed by sensor array
22 during the patient’s transition to the sitting up position—as
well as before and after, if desired—and this can be stored in
tablet 44 for later viewing, as well as for forwarding to an
electronic medical record.

[0163] Sensing system 20 may also be configured, in some
embodiments, to detect shear pressure that is potentially
being experienced by a patient, whether this is done in addi-
tion to, or in lieu of, the sensing of a patient sitting up, or any
of the other various conditions that may be sensed by sensing
system 20. Sensing system 20 may detect shear pressure
conditions by analyzing the outputs of sensor cells, such as
sensor cells 110, that only directly measure perpendicular
force components directed thereagainst (i.e. compressive
forces), or it may detect shear pressure by using specialized
sensors that actually measure shear pressure.

[0164] If flexible mat 32 only includes sensors that detect
compressive forces exerted thereagainst, the existence of
undesirable shear pressure can be inferred from these sensors
in multiple different manners. In one manner, either control-
ler 28 or controller 30, or some other controller, analyzes the
outputs of the sensor cells 110 and looks for sensor cells, or
groups of sensor cells, that are experiencing relatively light
amounts of pressure that are moving back and forth. This back
and forth pressure will be caused by a patient moving a
portion of his or her body back and forth. This back and forth
motion of the patient against the mattress 38, or whatever
other object the patient is resting on, can result in undesirable
shearing forces exerted against the patient. Such shearing
forces can lead to skin breakdown, or other undesirable
results.
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[0165] If flexible mat 32 only includes sensors that detect
compressive forces exerted thereagainst, the existence of
undesirable shear pressure can also, or alternatively, be
inferred from these sensors by looking for regions of rela-
tively large magnitudes of pressure moving relatively slowly
and generally continuously in one or more directions parallel
to the plane of the top surface of mattress 38 (i.e. either right
or leftacross mattress 38, or up or down on mattress 38). Such
movement of a patient’s body, or portions of his or her body,
can also create undesirable shear pressure because such
movement is representative of a dragging motion across the
mattress 38. The precise thresholds of the pressure magni-
tudes, rate of movement, and magnitude of movement that
trigger a shear pressure alert may be static, or they may vary
depending upon such things as, for example, the weight and/
or size of the patient. They may also vary as a function of any
one of the variables of the pressure magnitude, rate of move-
ment, and magnitude of movement. In other words, if the
moving region of pressure has a higher magnitude, the thresh-
olds of the distance moved and/or the speed of the movement
necessary for an alert may be decreased, or otherwise
changed. Conversely, if the moving region of pressure has a
lower magnitude, the thresholds of the distance moved and/or
the speed of the movement necessary for an alert may be
increased, or otherwise changed.

[0166] As will also be discussed in more detail below, the
thresholds that generate a shear pressure alert may also be
variably based upon a Braden scale that is assigned to a
particular patient. The Braden scale assigns a number to a
patient that indicates a patient’s risk level for experiencing
pressure sores. The Braden scale number for a particular
patient may be input into system 20 by a caregiver using user
interface 26, or it may be communicated from an EMR, or
other source, wirelessly via tablet 44’s wireless connection,
or via some other route. Once system 20 has this number, it
may adjust the thresholds that generate pressure alerts (in-
cluding not just shear force alerts, but also compressive force
alerts) in response thereto. Thus, for example, a patient at a
higher risk of a pressure sore may generate an alert condition
more easily than a patient having a lower risk of a pressure
sore. In this manner, the pressure alerts can be tailored more
specifically to the patient currently occupying patient support
36.

[0167] Still other manners of detecting undesirable shear
conditions using compressive pressure sensors may also be
used. If sensing system 20 is equipped with shear pressure
sensors that directly measure shear pressure—and which may
be incorporated into flexible mat 32—then the analysis of
signals necessary to determine an undesirable shear pressure
condition may be simpler.

[0168] Regardless of the manner used by sensing system 20
to detect an undesirable shear condition, sensing system 20
may issue an alert so that caregivers are aware of the unde-
sirable situation. The alert may be transmitted wirelessly
from tablet 44 to the hospital network 74 for forwarding to
mobile communication server 88, which then forwards an
alert to the mobile device of an appropriate caregiver. System
20 may alternatively be configured to issue an alert locally,
1.e. within the vicinity of patient support 36. Such a local alert
may be aural or visual, or a combination of both.

[0169] Inadditiontoissuinganalertofanundesirable shear
condition, sensing system 20 may also record the pressure
changes detected by sensor cells 110 for later playback, or
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later viewing. This data may also be forwarded to an elec-
tronic medical record, or to a remote location for viewing by
a caregiver.

[0170] Sensor array 22 may also be used to issue a bed exit
alert. When so configured, a caregiver can convert a patient
support 36 having no bed exit alerting capabilities into a
patient support having bed exit alerting capabilities. Alterna-
tively, sensor array 22 can be used on patient supports 36 that
already have bed exit alerting capabilities. Such dual bed exit
alerting capabilities may be desired for redundancy purposes,
or because sensing system 20 may offer different or better bed
exit sensing capabilities.

[0171] When configured to detect a patient exiting patient
support 36, sensing system 20 may provide different types of
alerts. For example, in one embodiment, an alert might be
issued only when sensor array 22 ceases to detect any patient
pressure (i.e. the patient is completely off patient support 36).
In another embodiment, an alert may be issued while the
patient is still on patient support 36, but the pressure has
changed in such a manner as to indicate that a bed exit action
by the patient may be likely. Such changes may involve the
patient moving to a side region of the patient support, or
moving to other regions, or moving in one or more particular
other manners, as detected by sensor array 22. A bed exit alert
may therefore be issued prior to the patient actually exiting
the patient support. The level of movement by the patient, or
the kind of movement by the patient, that triggers such an alert
can be, in at least one embodiment, configured by a caregiver.
The caregiver can therefore select the threshold levels of
activity necessary to trigger an alert so as to provide the
desired level of monitoring that matches the needs/conditions
of the current patient in patient support 36.

[0172] Sensing system 20 can also be used to detect if a
patient has bottomed out on the mattress 38. Bottoming out
occurs when all or a portion of the top surface of mattress 38
is compressed by the patient to such an extent that it effec-
tively reaches the surface underlying mattress 38. Stated
alternatively, bottoming out occurs when the compressive
pressure is such that the mattress cannot be squeezed to any
greater practical extent, thereby draining the mattress 38 of
providing any cushioning effect to the patient. Bottoming out
canbe detected by sensor cells 110 when the force detected by
one or more sensor cells exceeds a threshold, or when groups
of sensor cells collectively detect pressure levels above a
threshold. In both cases, the threshold may be a function of
the type of material that mattress 36 is made out of, as well as
its thickness, and/or other factors. Such information may be
communicated automatically to sensing system 20 via a data
pathway between mattress 38 and any of the electrical com-
ponents of sensing system 20. System 20 may then adjust the
criteria used to detect bottoming out based upon the specific
mattress 38 currently being used on patient support 36.
[0173] It will be understood that the use of the term “mat-
tress” in the written description herein refers to both conven-
tional mattresses, as well as patient support surfaces that
include fluid bladders, and/or still other types of support
surfaces. References to “mattress 38” therefore include fluid
filled structures, conventional mattresses, and any other type
of structures that provide cushioning support to a patient
while positioned on patient support 36. One example of a
fluid filled structure that may be used in any of the embodi-
ments disclosed herein is shown in commonly assigned U.S.
patent Pub. No. 2011/0301516 filed Feb. 7, 2011 by appli-
cants Patrick Lafleche et al., and entitled PATIENT/IN-
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VALID HANDLING SUPPORT, the complete disclosure of
which is hereby incorporated herein by reference.

[0174] Inyet another alternative embodiment, sensing sys-
tem 20 may detect bottoming out of patient by using separate
sensors (other than sensor cells 110) to detect such bottoming
out. Still further, in some embodiments, sensing system 20
may use a combination of sensor cells 110 and other sensors
to detect bottoming out. Such additional sensors may be any
of a variety of different conventional sensors, as would be
known to one of ordinary skill in the art. In some cases, such
sensors may be integrated directly into flexible mat 32. In
other embodiments, such sensors may be placed elsewhere.
Such sensors may detect bottoming out by measuring the
distance between the patient and the top surface ofthe support
that underlies the mattress 38, or by measuring other quanti-
ties.

[0175] Insome embodiments, one or more accelerometers
may also be incorporated into flexible mat 32. Such acceler-
ometers may be positioned in known orientations so that the
angle of one or more regions of flexible mat 32 can be deter-
mined with respect to gravity. The accelerometers may be
communicatively coupled to sensor controller 28, or another
controller, that reads and processes their outputs. If multiple
accelerometers are included, they may be oriented at different
orientations so that different angles may be measured by the
several accelerometers. One angle that may be measured by
the accelerometers is what is known as the head of bed angle
(HOB). HOB generally refers to the angle of inclination of the
Fowler section of patient support 36. This information is often
desirably monitored in certain situations to help prevent the
occurrence of ventilator associated pneumonia, the patient’s
susceptibility to which can increase if they are lying flat, or at
a non-elevated angle.

[0176] Regardless of the purpose for monitoring the HOB,
however, auser of sensing system 20 can configure the system
to issue an alert if the HOB decreases below a user-config-
urable threshold, or if it exceeds a user-configurable thresh-
old. A history of the HOB angle may also be recorded and
stored, either locally within system 20, or it may be forwarded
to an EMR system via tablet 44’s wireless connection to the
hospital, or via another connection. As with any of the alerts
that may be issued by sensing system 20, the alert may be
local (audio or visual or both) and/or it may be remote.
[0177] Accelerometers may also be used to confirm that a
patient has been turned an appropriate amount and/or for a
sufficient amount of time. For some medical protocols, it is
desirable to turn a patient for at least a minimum angular
amount for a certain amount of time. In past systems, the
angular amount of turning of the patient has been assumed.
However, with sensing system 20, an actual measurement of
the angular amount of rotation can be generated so that that
caregiver(s) will know that the patient has been sufficiently
turned. This information, as well as any information gener-
ated from sensor array 22, can be displayed on display screen
48 of user interface 26. It may also be stored, forwarded to an
EMR, or used in any other desirable manuer.

[0178] Pressure Distribution Profiles

[0179] FIG. 9 illustrates one manner in which information
may be displayed to a user of sensing system 20. More spe-
cifically, FIG. 9 illustrates an illustrative screen shot that may
be displayed on a display in communication with, or inte-
grated into, sensing system 20, such as, for example, display
screen 48 of tablet 44. A pressure distribution profile 112 is
shown in the example of FIG. 9 that is generated from the data
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gathered by pressure sensor cells 110. Pressure distribution
profile 112 indicates graphically the locations and magni-
tudes of the pressure currently being detected by sensor array
22. The magnitudes of the pressure may be indicated accord-
ing to a color scale wherein certain colors represent defined
ranges of pressure. Shades of red may indicate undesirable
levels of pressure, or other colors may be used.

[0180] In the example shown in FIG. 9, it is evident from
the pressure distribution profile 112 that a patient is lying
down on sensor array 22 (which may be incorporated into
flexible mat 32). One or more of the controllers either inte-
grated into sensing system 20 (e.g. sensor controller 28 or
user interface controller 30), or in communication with sens-
ing system 20, may be programmed to analyze the pressure
distribution profile currently being detected by sensor array
22, or previously detected by sensor array 22, to map where a
patient’s body parts are located on mattress 38. By correlating
the pressure readings to specific parts of the body, sensing
system 20 may provide additional useful information to a
caregiver, or EMR.

[0181] The manner in which sensing system 20 can corre-
late or map pressure readings to patient body parts can be
varied. In one embodiment, software or firmware is included
within a suitable controller that is programmed to analyze and
recognize patterns from the shapes of the pressure readings
being detected by sensor array 22. Such software or firmware
may be similar to conventional image recognition software.
Based upon the analysis of the shapes of the pressure read-
ings, as well as the magnitude of the readings, the software or
firmware can determine which body parts are exerting pres-
sure against which sensor cells 110. In making this correla-
tion, additional sensors may also be used, in some embodi-
ments. A camera, for example, could be positioned on
pedestal 50, or elsewhere, that occasionally takes digital pic-
tures of the patient that are analyzed using image recognition
software to determine the patient’s body location on patient
support 36. Such digital pictures may be used either by them-
selves to map the patient’s body location to the sensor cells
110, or they may be used in combination with software that
analyzes shapes, patterns, movement, and/or magnitudes of
sensor cell readings so that both the digital images and the
sensor cell readings are used to determine the patient’s body
location and/or orientation vis-a-vis the sensor cells 110.

[0182] In some embodiments, sensing system 20 may be
configured to determine the boundaries, or assumed bound-
aries, of the patient’s body and to display that as part of the
pressuredistribution profile 112. A boundary line 114, such as
is shown in FIG. 9, may be displayed on display screen 48
showing the calculated boundaries of the patient’s body on
the patient support. This may be useful for conveying to the
caregiver how the pressure distribution profile 112 maps to
the patient. In other embodiments, a different manner of
showing the correlation between the patient’s body and the
sensed pressures may be used. In still other embodiments,
there may be no visual indications of the correlation between
the patient’s body and the pressure readings.

[0183] One of the many possible uses of determining a
patient’s body location and/or orientation is for issuing alerts
that may be based upon the patient’s body position and/or
orientation. For example, with some patients, it may be desir-
able that the patient avoid turning on a particular side, due to
any of a variety of different medical reasons. By determining
the orientation of the patient on patient support 36, system 20
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may issue an alert if the patient turns to the undesired orien-
tation. Such alert settings may be configured by a caregiver
via user interface 26.

[0184] User Interface

[0185] FIGS. 9-20 depict examples of illustrative screen
shots 118a-/ or screen layouts that may be displayed on dis-
play screen 48 of tablet 44 in various embodiments, or on
another screen associated with sensing system 20. The screen
shots of FIGS. 9-20 primarily illustrate aspects of sensing
system 20 that relate to fall prevention, wound prevention
(such as pressure ulcers), and head of bed (HOB) angle moni-
toring. In some embodiments, additional features may be
monitored and/or controlled using user interface 26, beyond
those illustrated in FIGS. 9-20. In other embodiments, sens-
ing system 20 may have more limited features than what is
shown in FIGS. 9-20.

[0186] The screen shots 118a-/ of FIGS. 9-20 may be inter-
active. That is, if these screen shots are displayed on a touch
screen display, then touching various of the images depicted
therein will cause the screen to change in response thereto,
generally in auser-intuitive manner. By touching the screen in
the appropriate spots with the appropriate menus, icons, or
other images, a caregiver can control various settings of sens-
ing system 20. If a touch screen user interface is not used,
control of sensing system 20 via these screen shots may
alternatively be carried out using a computer mouse, a track-
ball, a light pen, a keypad, a track pad, or any other suitable
control device that enables the user to interface with, and
control, the various features of sensing system 20.

[0187] In the screen shot 118« of FIG. 9, a fall prevention
control 120, a wound prevention control 122, and a HOB
angle control 124 are shown. Along the bottom of the screen
are shown additional controls, including a status control 126,
a timeline control 128, and an alert control 130. Additional
icons, images, windows, or other types of control are included
in the screen shot 118a of FIG. 9, including a new patient
control 132, an out of bed control 134, a screen off control
136, a snap shotcontrol 138, a zoom control 140, and a patient
turn control 142. Each of these controls responds to a user
touching them—if they are displayed on a touch screen—or
in an equivalent manner if a non-touch screen is used. In other
words, if a non-touch screen is used to display these images,
they will respond to a computer mouse clicking on them, for
example, in the same manner as they would if a user pressed
them on a touch screen. For purposes of description below, the
various controls 120-142 of screen shots 118a-/ will be
described with respect to a touch screen. It will be understood,
however, that the concepts and control features described are
not limited to touch screens, but can be implemented using
other types of userinterface control mechanisms. Still further,
it will be understood that the layouts shown in these screens
shots 118a4-/ and the manner in which they respond to user
inputs can be varied from that shown.

[0188] By selecting fall prevention control 120, a user can
control the bed exit alerting capabilities of sensing system 20.
If a patient is at a high risk for falls, the caregiver can select
control 120. In response to each pressing (or other selecting)
of control 120, the image corresponding to fall prevention
control 120 will change, and the criteria for which sensing
system 20 will issue a bed exit alert will change. Thus, in
screen shot 118a, the “high risk™ fall prevention setting has
been chosen. With this setting, system 20 will issue a bed exit
alert—as detected by sensor array 22—when a relatively
minimal amount of a specified type of patient movement
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occurs. Ifthe user presses control 120 again, the risk level will
change to other levels of risk, such as, for example,
“medium,” “low,” or “off.” Sensing system 20 will respond to
these changes by changing the criteria that cause it to issue a
bed exit alert. In general, wound prevention control 122 and
HOB control 124 work in similar manners. That is, selecting
these buttons allows the caregiver to change the criteria that
will cause an alert with respect to wound prevention criteria or
HOB of bed angle criteria, respectively.

[0189] One example ofthe types of settings that a user may
choose from when selecting any of the fall prevention, wound
prevention, and HOB controls is illustrated in screen shot
118¢ of FIG. 13. In the embodiment shown therein, fall pre-
vention control 120 only allows the caregiver to choose from
three different settings: a “disabled” setting in which the bed
exitalert is turned off; a “low risk” setting in which a bed exit
alert is only issued when patient movement activity satisfies
system 20’s criteria for a likely bed exit; and a “high risk”
setting in which a bed exit alert is issued when patient move-
ment activity satisfies different criteria for a likely bed exit,
wherein the “high risk” setting will cause an alert to issue
sooner than the “low risk” setting, or will otherwise provide
more suitable alerting for a patient who is at a high risk for
falls.

[0190] With respect to the wound prevention controls,
screen shot 118 of F1G. 13 shows that a level of risk can also
be set by the caregiver using “low risk™ icon 144 or “high risk”
icon 146. The caregiver can also select how frequently the
patient should be turned, which is a technique for helping to
prevent pressure sores, or other types of wounds, for forming
and/or becoming exacerbated. The settings for the wound
prevention controls further include a set of “avoid position”
icons 148a-c that, when one or more are selected, cause an
alert to be issued from system 20 if the patient moves to one
of these undesirable positions. Button 148a corresponds to a
person lying on his or her right side; button 1484 corresponds
to a patient lying flat on his back; and button 148¢ corre-
sponds to a person lying on his or her left side. Additional or
fewer position buttons could also be included. An “off” button
150 is also included to shut off the “avoid position” settings
such that no alerts are issued based upon the patient moving to
these positions. The wound prevention control settings shown
in FIG. 118e of FIG. 13 further include a “track turns” button
that allows the caregiver to set system 20 so that it will keep
track of patient turns.

[0191] Screen shot 118e of FIG. 13 also illustrates several
exemplary control settings that may be associated with the
HOB angle control 124. As can be seen therein, several but-
tons are included that enable the caregiver to choose what
type of angular conditions will cause an alert to be issued. For
example, a “keep flat” button 152, when selected, will cause
an alert to be issued by system 20 if the HOB angle—as
measured by flexible mat 32 (via accelerometers, or other
sensors)—moves from a flat orientation to a non-flat orienta-
tion. In a like manner, a “keep above 30 degrees” button 154
will, when selected, cause an alert to be issued by system 20
if the HOB angle changes to a value less than 30 degrees.
Button 156 does the same thing for HOB angles less than 45
degrees.

[0192] Any oneofa set of “disable” buttons 158a-¢ may be
selected in order to completely shut off any of the fall pre-
vention alerts, wound prevention alerts, and HOB alerts,
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respectively. A status icon, such as icons 160a-c, may indicate
to the caregiver which ones of these alerts are on and which
ones are off.

[0193] FIG. 10 illustrates an illustrative screen shot 1185
that may appear when a caregiver selects the timeline control
128. Selecting the timeline control 128 will cause system 20
to display a pressure distribution profile 112 of the patient, as
sensed by sensor array 22. Further, system 20 will display a
mechanism, such as a time selector 162, for allowing the
caregiver to view the changes in the pressure distribution
profile 112 over time. With time selector 162, a caregiver can
drag selector 162 left or right along a time line 164. Pressure
distribution profile 112 will change to correspond to the pres-
sure distribution profile that was sensed at the moment cor-
responding to the position of time selector 162. Once time
selector 162 is moved to a desired position—in at least some
embodiments—a “play” button may be included that, when
selected, displays the pressure distribution profiles 112 from
the selected moment in time onward, resulting in the image of
the pressure distribution profile 112 to change in a movie-like
fashion.

[0194] Screen shot 1196 (FIG. 10) further includes an
“events” button 166 and a “snap shot” button 138, either of
which may be selected by a caregiver. FIG. 11 displays how
the images in the screen shot may change in response to these
buttons being selected. More specifically, as shown in FIG.
11, selecting the events button 166 will cause a listing of
events detected by sensing system 20 to be displayed, includ-
ing the time and date at which these events were detected. The
events may include such things as the patient sitting up, the
patient turning, the patient moving to exit, and any other
patient condition that may be detected by sensing system 20.
FIG. 11 also displays several options that may be presented to
the caregiver after selecting the snapshot button 138. Specifi-
cally, it includes a “bookmark™ option 170 and a “post image
to EMR” option. By selecting the bookmark option, a virtual
bookmark will be associated with the pressure distribution
profile 112 that is being displayed at the time the bookmark
170 option is selected. This enables the caregiver to return to
this “bookmarked” position easily for later reference. Mul-
tiple different instances in time of pressure distribution profile
112 may be bookmarked via button 170. Button 172, when
selected, allows a caregiver to forward the pressure distribu-
tion profile 112 to an electronic medical record (EMR).

[0195] FIG. 12 shows an illustrative screen shot 1184 that
may be displayed in response to a user selecting the status
control 126. FIG. 14 shows an illustrative screen shot 118/
that depicts another manner in which information and control
settings may be presented to a user of sensing system 20.
FIGS. 15-18 depict alternative manners in which information
and control settings may be presented to a user of sensing
system 20. In all of FIGS. 12-18, the various control settings
and buttons operate in the same basic manner as has been
described above.

[0196] FIG. 19 shows an illustrative screen shot of the
various features, and operational functions that a caregiver
may control after selecting a button 174. Thus, this enables
the caregiver to reset the information contained within sens-
ing system 20 when a new patient is positioned on patient
support 36. It also allows the caregiver to set a clock, connect
to the hospital’s network 74 (which may provide Internet
access), control various of the WiFi settings, and/or see and
manipulate an error log.
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[0197] FIG.20shows an illustrative screen shot that may be
displayed in response to a new patient being positioned on
patient support 36.

[0198] Local Alert Lights

[0199] FIGS. 21-27 illustrate various manners in which one
or more local alert lights 180 may be integrated into tablet 44.
Such alert lights 180 may change color in response to any one
or more of the conditions sensed by sensing system 20 chang-
ing from a non-alert state to a state in which an alert should be
issued. Alert lights 180 may be positioned anywhere on tablet
44.In the embodiments shown, alert lights 180 are positioned
around all or a portion of the perimeter of tablet 44. By
positioning lights 180 in this manner, the alert light can be
easily viewed by a caregiver who is not within the vicinity of
tablet 44 or patient support 36. Thus, for example, a caregiver
who is walking down a hospital hallway can easily view alert
lights 180 from the hallway without having to enter the room
to inspect system 20, or to read any of the contents displayed
on display screen 48.

[0200] Alert lights 180 may also serve a dual role as a
normal light. That is, alert lights 180 may also be illuminated
when sensing system 20 is detecting conditions that do not
justify an alert. To indicate that no alert conditions are cur-
rently being sensed, alert lights 180 may be illuminated in a
color that is different from their color when they indicate an
alert. As one example, lights 180 may be a shade of green
when no alerts are currently detected by sensing system 20,
and may change to an amber color when an alert is detected.
Other color schemes may also be used. Lights 180 may also
flash, or make other visual appearances, in response to an alert
condition. By including the normal light function, a caregiver
also does not need to approach tablet 44 or patient support 36
to view the status of sensing system 20. Instead, for example,
the caregiver can see from a hallway—without entering a
patient room—whether sensing system is operating properly
without alerts (i.e. when the normal color is illuminated) or if
an alert condition is present (the alert color is illuminated.)

[0201] FIGS. 21A, 21B, 22A, 23A, 24A, and 27A are par-
tial cross sectional views of the edges of tablet 44 illustrating
different manners in which lights 180 may be integrated into
tablet 44. However configured, alert lights 180 may be con-
structed so that the light from the alerting lamp is easily
viewable to a remotely positioned caregiver (e.g. from a hall-
way, or the like) regardless of which orientation the tablet 44
is in relative to pedestal 50. In some embodiments, tablet 44
may be rotatable on pedestal 50 in one or more directions.
Lights 180 may be constructed such that, regardless of orien-
tation, they are easily viewable to a remotely positioned car-
egiver.

[0202] FIG. 28 illustrates an example of tablet 44 having
been pivoted around a vertical axis such that the contents of
display screen 48 are viewable to a caregiver standing adja-
cent the foot end of patient support 36. FIG. 29 illustrates a
close up view of one example of tablet 44 and a portion of the
pedestal 50 to which it is mounted. FIG. 30 shows an
exploded view of the various components of one example of
tablet 44. The reference to the “awareness light” refers to one
example of an alert/normal light 180.

[0203] FIG. 31 shows several different orientations of
patient support 36, as well as several different orientations
and positions of pedestal 50 and tablet 44 when it is mounted
to patient support 36. As can be seen, pedestal 50 can be
mounted at either the foot end or the head end of patient
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support 36 and it does not interfere with the various move-
ments and different orientations to which patient support 36
may be adjusted.

[0204] FIGS. 32 and 33 show two different versions of a
pedestal 50 that may be used to support tablet 44. In each
version, pedestal 50 includes boom arm 52, bracket 54, and a
tablet bracket 184. Tablet bracket 184 may be constructed,
such as shown in FIGS. 32 and 33, to be rotatable about both
a horizontal and a vertical axis to thereby enable tablet 44 to
be rotated about the same angles. This enables a caregiver to
adjust the viewing angle of tablet 44 in both directions.
[0205] Further details of one embodiment of mounting
bracket 54 are shown in FIG. 34. In that embodiment, mount-
ing bracket 54 includes an IV pole slot 186, a boom slot 188,
and an insert 190. Insert 190 is adapted to fit into a conven-
tional I'V pole hole or slot defined in patient support 36. FIG.
35 illustrates one such conventional IV pole hole defined in
patient support 36. FIGS. 37-38 illustrate one embodiment of
bracket 54 inserted into such an IV pole hole. In the embodi-
ment of FIG. 34, boom slot 188 is adapted to releasably
support boom arm 52. A caregiver can thus remove boom arm
52 from slot 188 by lifting boom arm upwardly. IV pole slot
186 is provided so that a conventional IV pole may be inserted
thereinto. In this manner, the use of pedestal 50 does not
prevent a caregiver from also mounting an IV pole to the same
position on patient support 36. Slot 186 thus functions in the
same manner as the IV pole hole of on patient support 36. As
shown in FIGS. 34 and 36, bracket 54 may include a notched
region 192 that cooperates with a switch (FIG. 36) when it is
inserted into the IV pole hole.

[0206] FIG. 39 illustrates one manner in which electrical
cabling may be configured for supplying power and room
location data to sensing system 20. More specifically, a power
plug 194 is included that enables sensing system 20 to releas-
ably connect to an electrical power supply, such as an elec-
trical cable that is plugged into a conventional electrical wall
outlet. A data plug 196 is also included that enables sensing
system 20 to releasably connect to communication line 72,
which transmits room location data from locator device 68 to
system 20.

[0207] FIGS. 40-42 illustrate a plurality of zones 200 that
may be defined with respect to sensor array 22. As shown,
zones 200 are defined to correlate to specific regions of a
patient’s body. Thus, as shown, there may be an upper left
body zone 200a, an upper right body zone 2005, a left sacrum
zone 200¢, a right sacrum zone 2004, a left leg zone 200e, and
aright leg zone 2007 These zones are correlated to the sensor
cells 110 within sensor array 22. Therefore, system 20 can
correlate the output of a particular sensor cell 110 to one of
these specific zones. It will be understood, of course, that
fewer or greater numbers of zones may be defined than those
illustrated in FIGS. 40-42.

[0208] The use of zones 200 allows sensing system 20 to
monitor conditions in different manners based upon the spe-
cific zones. The different manners may be based upon inputs
from a caregiver, or they may be carried out automatically
without any input from the user, or a combination of the two.
In some embodiments, the sensor cells corresponding to a
particular zone are dynamic, rather than static. In such
dynamic systems, the definition of a zone will change based
upon the patient’s location on sensor array 22. Thus, for
example, if a patient slides down toward the foot end of
patient support 36, sensing system 20 may shift the zones
downward in the same direction so that the zone definitions



US 2014/0039351 A1

maintain their correlation to the patient’s body. In other
words, if a patient slides down so far that his or her hips would
otherwise be out of the sacrum zones 200¢ and d (in a static
zone system), system 20 will automatically redefine the zones
so that they match the patient’s location on sensor array 22.
[0209] Other Sensed Conditions

[0210] In addition to the conditions discussed above that
may be sensed by sensing system 20, a number of other
conditions may be sensed, either in addition to, or in lieu of,
those conditions already discussed. For example, sensor array
22 may be used to detect a patient’s heart rate and/or breath-
ing rate. These may be detected via sensor cells 110. Sensor
array 22 may also detect whether a patient needs a boost or not
by monitoring the position of the patient on the support 36. If
the patient moves downward over time, an alert may be issued
indicating that the patient could use a boost while positioned
on support 36. Additional sensors may be integrated into
flexible mat 32 that detect moisture, due to such things as
perspiration or incontinence. When so detected, an alert could
be issued by system 20. Temperature sensors may also be
included in flexible mat 32. If undesirable temperature con-
ditions are detected (e.g. undue heat), an alert may be issued,
and/or information regarding the alert may be forwarded to a
surface controller that will cause the surface controller to take
some action that mitigates the temperature condition.

[0211] Sensor array 22 may also be configured, in some
embodiments, to determine the height of a patient lying on
patient support 36. This may be done by determining which
sensor cells 110 are detecting pressure from patient’s head,
and which are detecting pressure from the patient’s feet, and
then using the known physical distance between the cells to
calculate the height. Adjustments may be made in the height
calculation to account for the patient lying askew on the
patient support, as well as to account for the fact that the very
top of a patient’s head and the very bottom of the patient’s feet
may not be exerting sufficient pressure to be detected by
sensor cells 110. In such cases, sensing system 20 may infer
from these endpoints from the other cells and/or a determi-
nation of the patient’s position on mattress 38.

[0212] Once system 20 knows the height of the patient, it
may be configured in some embodiments to automatically
calculate the patient’s body mass index (BMI). In order to do
this, system 20 also needs to know the patient’s weight. In
some embodiments, sensor array 22 may be configured to
measure this directly. In other embodiments, sensing system
20 may be configured to receive the weight information elec-
tronically from a scale system incorporated into patient sup-
port 36. In still other embodiments, a caregiver may input the
patient’s weight into system 20 via tablet 44, or through some
other means. In still other embodiments, system 20 may
retrieve the patient’s weight automatically from an EMR.
[0213] Inadditionto computing conventional BMI, system
20 may be configured, in some embodiments, to calculate a
regional BMI. A regional BMI may be calculated in the same
manner as a conventional BMI, except adjusted to a specific
region or portion of a patient’s body. That is, the height (or
length) and weight measurements of a particular portion of a
patient’s body may be calculated. For some embodiments, the
regional BMI may correlate to specific zones, such as those
shown in FIGS. 40-42, or to other zones.

[0214] In other embodiments, sensing system 20 may be
configured such that regional bed exit alerts may be issued.
Regional bed exit alerts may correspond to a patient moving
off of a portion of sensor array 22, or moving in a manner that
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indicates potential exit from a region of sensor array 22, rather
than exiting completely off of patient support 36.

[0215] System 20 may also be configured to detect if a
patient is experiencing a seizure, or undue agitation, by moni-
toring the pressure readings of cells 110. If either condition is
detected, an alert may be issued. Based upon the amount
and/or kind of movement detected by sensor array 22 while a
patient is sleeping, sensing system 20 may also be configured
to generate a quality of sleep indicator. This indicator may
then be communicated to the caregiver, or to an EMR, so that
the caregivers are informed of the quality of the patient’s
sleep. The sleep indicator may be a numeric value, or any
other suitable value or values.

[0216] System 20 may further be configured to suggest
specific types of mattresses 38, or other surfaces, that would
be advantageous for a particular patient. In doing this, system
20 may have access to a memory in which a hospital’s inven-
tory of mattress types, as well as their functionalities, is
maintained. Based upon conditions sensed by sensor array
22, system 20 may issue a recommendation to a caregiver for
a specific type of mattress 38 to be used with a particular
patient. The recommendation may be based on, for example,
detecting that a patient has bottomed out on a particular
mattress, and therefore should be moved to a different kind of
mattress that won’t bottom out. As another example, a rec-
ommendation may be made for a different type of mattress
because the different type of mattress has treatment capabili-
ties, such as the ability to provide percussion therapy. or other
types of treatments.

[0217] Sensing system 20 may also process the outputs
from sensor cells 110 to determine if an entrapment hazard for
the patient may exist. This may be accomplished by looking
at the patient’s location on support 36 (via sensor array 22)
and determining if an undue amount of pressure is being
exerted in a location that is near a side rail, or other edge
region of support 36. This may indicate that the patient is in a
location where a higher risk exists for getting entrapped
between the mattress and a side rail of patient support 36, or
between other objects. System 20 may then issue an alert so
that a caregiver can come and help move the patient to a new
location where the risk of entrapment is reduced.

[0218] Sensing system 20 may also be configured to detect
foreign objects (i.e. non-patient objects) that are positioned
on sensor array 22. This may be done by analyzing the outputs
of sensor cells 110, determining the patient’s location on the
sensor array 22, and looking for detected pressure that con-
stitutes either a location anomaly (based on the patient’s
location), or a pressure anomaly. Such anomalies may indi-
cate the existence of a foreign object on the mattress 38. Such
objects may be hard and may be undesirable, particularly if
they are, or get positioned, under a patient. System 20 may
issue an alert so that a caregiver will be summoned to remove
the object from the mattress 38 if it is an undesired object.
[0219] Insome embodiments, flexible mat 32 may include
one or more proximity switches, or the like, that are integrated
thereinto at locations that align with the side rails of patient
support 36. The switches are adapted to detect if the side rail
is in the up or down position. The status of the side rails (up or
down) can then be determined by sensing system 20 and
indicated to caregivers, either on tablet 44, or at a remote
location, such as a nurse’s station. If certain side rail states are
desired, system 20 may be configured such that it will issue an
alert if it detects that a side rail has moved to an undesired
state.
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[0220] Flexible mat 32 may also be configured to include
within it one or more additional proximity sensors, or the like,
that are integrated into the mat at locations that are adjacent
the head board and the foot board of patient support 36. Such
sensors are configured to detect the presence or absence of the
head board and foot board. The status of the head board and
foot board may then be indicated on tablet 44 and/or for-
warded to a remote location, such as a nurse’s station. The
presence or absence of a foot board, for example, may be
information that is desirably known because some patient’s,
such as diabetic patients, may push their feet against the
footboard, to the detriment of blood circulation in their feet.
[0221] In still other embodiments, sensing system 20 may
include one or more pulse oximeters integrated into it,
whether incorporated into flexible mat 32, or otherwise. Pulse
oximeters may provide indications about the quality of the
patient’s circulation, which are a factor in the patient’s like-
lihood of developing pressure ulcers. The outputs from the
pulse oximeter may be fed to one of the controllers within
system 20 and used to automatically adjust the alert criteria
for wound prevention alerts. That is, the worse the patient’s
circulation, the lower system 20 may set the threshold that
initiates a wound prevention alert. In still other embodiments,
the readings from a pulse oximeter that is not integrated into
system 20 may be input into system 20 via user interface 26,
or by other means, and system 20 may use this information to
automatically adjust the alert criteria in an appropriate fash-
ion.

[0222] In still other embodiments, flexible mat 32 may
include an air cushioning ability for assisting in patient trans-
fer. That s, flexible mat 32 may include a plurality of airholes
defined on its underside and a connection to a pressurized air
source. If it is desired to move a patient from one patient
support to another surface, the pressurized air can be applied
to flexible mat 32 such that the pressurized air escapes
through the plurality of air holes. This escaping air creates an
air cushion underneath the mat 32, which thereby reduces the
frictional resistance to sliding mat 32—and the patient
thereon—{from one patient support 36 to another patient sup-
port, or other support surface. Details of an example of such
air cushion transfer devices may be found in commonly
assigned, copending U.S. patent application Ser. No. 12/554,
431 filed Sep. 4, 2009 by applicants Schreiber et al. and
entitled PATIENT TRANSFER DEVICE, the complete dis-
closure of which is hereby incorporated herein by reference.
[0223] In some embodiments, a camera may be incorpo-
rated into system. Such a camera may be a still image camera,
or a live-action camera. Such a camera may also be a digital
camera that outputs digital images for analysis by any one of
the controllers in system 20. The camera may be used for
determining the patient position, or it may be used for taking
pictures of a patient’s wound, or of other aspects of the
patient. Any pictures taken may be recorded for later viewing,
either on a display of system 20, or at a remote location. Such
a camera may be used to visually document the progress of
healing, or the evolution of, a patient’s wound. Such images
may also be forwarded via system 20 to an EMR.

[0224] In some embodiments, a camera system that com-
bines visual images with depth measurements may be used in
conjunction with sensing system 20 for determining patient
position, and/or for determining other conditions or param-
eters. An example of such a system is disclosed in commonly
assigned U.S. patent application Ser. No. 13/242,022 filed
Sep. 23, 2011, by applicants Richard Derenne et al. and
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entitled VIDEO MONITORING SYSTEM, the complete dis-
closure of which is hereby incorporated herein by reference.
[0225] System 20 may also include any one or more of the
following: a printer, a projector, and a scanner. The printer
may allow a caregiver to print out data gathered by sensing
system 20, including, but not limited to, pressure distribution
profiles 112. The printer may be supported on the boom arm,
integrated into tablet 44, or otherwise positioned in a conve-
nient location for a caregiver to have documents printed.
[0226] The projector may project images onto a nearby
screen for viewing. The projector may also project light with
various colors onto the patient in such a manner so that the
colors are projected onto the body in a manner that matches
the pressure being experienced by the patient. In other words,
the projector may be configured to project a pattern of light
that matches the pressure distribution profile 112 onto the
patient. The colors of profile 112 will then be projected onto
the patient’s physical body at the corresponding location. In
this manner, a caregiver can easily see where on the patient’s
body he or she is experiencing high pressure, low pressure,
etc.

[0227] In another embodiment, the projector may be con-
figured to project one or more images of a control panel onto
flexible mat 32 at apredefined or known location. When a user
physically presses that region of mat 32, sensor cells 110 will
detect this pressing, and depending upon the location of the
physical pressing and the image projected onto that location,
sensing system 20 will react in the appropriate manner. In
other words, the projector can be used to project a virtual
control panel onto flexible mat 32 so that the caregiver can
control aspects of system 20 simply by pressing the appro-
priate location on mat 32.

[0228] If a scanner is included in sensing system 20, the
scanner may be used to scan identification cards, badges, or
the like, which may be carried by caregivers. Once scanned,
system 20 will determine the identity of the caregiver and will
then record whatever therapies, changes, or other events that
transpire under the supervision of that particular caregiver.
For example, if the patient is being turned, system 20 will be
able to automatically record the identity of the caregiver who
performed the patient turn (as well as the time of the turn, the
direction of the turn, and any other useful information).
[0229] In other embodiments, sensing system 20 may
include one or more sensor arrays 22 that are integrated into
objects other than flexible mat 32. In some of these embodi-
ments, such sensor arrays may be in addition to the one or
more that are part of mat 32. In other embodiments, such
sensor arrays may be the only sensor arrays in system 20.
Such sensor arrays may be incorporated into other mats, or
still other devices. For example, additional sensor arrays may
be positioned in one or more pillows so that pressure readings
can be taken from the pillows, or other objects. These addi-
tional sensor readings may then be forwarded to one of the
controllers in system 20 so that all of the pressures being
experienced by a patient may be measured and communi-
cated to a caregiver. In some embodiments, one or more
sensor arrays may be incorporated into, or attached to, the
foot board and/or head board of patient support 36 so that the
pressure exerted by any of the patient’s body parts there-
against can be monitored.

[0230] In other embodiments, sensor arrays 22 may be
incorporated into fabric, or other material, that is worn by a
patient, or adhered to the patient. The readings from these
sensor arrays may then be forwarded to one of the controllers
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of sensing system 22 for processing. Such wearable sensors
may include adhesives positioned along a portion of their
surface area for releasably attaching the sensor sheet to a
patient. In still other embodiments, regional patches having
sensor arrays 22 may be adhered to areas of mattress 38, or to
other surfaces on which the patient may lie, or to specific body
areas on the patient. In still other embodiments, sensor arrays
22 may be incorporated into bandages for wounds. This type
of sensor would provide data that would indicate whether a
patient’s wound was experiencing undue pressure, as well as
other data. In still other embodiments, sensor arrays 22 may
be incorporated into mats, or the like, that are positioned on
the floor so that a patient can walk on them. The sensed
pressures may be used for gait assessment, or other clinical
purposes.

[0231] In still other embodiments, one or more additional
sensors may be incorporated into other patient support sur-
faces on which a patient may be positioned. Such patient
support surfaces may include recliners, chairs, OR tables, or
other surfaces. The pressure readings taken from these sensor
arrays may be forwarded to one of the controllers in sensing
system 20 where it can be taken into account when monitor-
ing the patient while in patient support 36. For example, if a
patient is on a first support surface and is experiencing a lot of
pressure for a certain amount of time while positioned on, say,
an OR table, this information may be communicated to a
controller in sensing system 20. The controller may then use
this information while monitoring the patient when he or she
is positioned on patient support 36. For example, the system
may use this information to adjust the alerting criteria. In
other words, if pressure conditions existed while on the OR
table, these would be communicated to a controller of system
20 so that an alert might be issued sooner due to the cumula-
tive pressure readings experienced by the patient both on the
OR table and on patient support 36. As an example, if a
patient’s left leg experienced high pressure on the OR table,
when he or she was transferred to patient support 36, system
20 would use this information to adjust the alert criteria
associated with the patient’s leg, thereby issuing a pressure
alert sooner that it might otherwise have done had the patient
not experienced high pressure in his or her leg while on the
OR table.

[0232] In any of the embodiments discussed above, the
flexible mat 32 and/or controller 24 associated with one or
more particular sensing arrays 22 may include a unique iden-
tifier that distinguishes a particular mat 32 and/or controller
24 from other mats 32 and/or controllers 24. This mat or
controller ID may then be transmitted to the hospital network
with the data detected by sensor array 22 so that a server, or
other device on the network, could determine which specific
mat 32 and/or controller 24 was transmitting the data in a
healthcare institution. The server or other computer device
could maintain a correlation between the ID and one or more
additional items, or could be programmed to determine a
correlation between the ID and one or more additional items.
The additional items could include a patient ID, a caregiver
1D, a bed ID, a mattress ID, and/or other information. Thus,
for example, if multiple mats 32 were positioned in a room
and were to be associated with one specific patient, the unique
1Ds of those mats could be stored and correlated with a single
patient 1D so that all data transmitted from those mats were
associated with the corresponding patient.

[0233] Still further, in some embodiments, sensing mat 32
may communicate with a mattress positioned on a bed, or a
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cushion on a chair, or with another cushioning structure, via a
Universal Serial Bus (USB) cable. The cable may have one
end that plugs into the mat 32 and an opposite end that plugs
into the bed, cushion, or other structure. In some embodi-
ments, the bed may include a USB port for coupling the cable
wherein the USB port allows communication with a mattress
positioned thereon.

[0234] In still other embodiments, sensing mat 32 may
communicate with patient support apparatus 36 and provide
signals that are used to control the movement of one or more
portions of patient support apparatus. For example, forces
exerted by a caregiver on one or more specific sections of
flexible mat 32 may be used to raise or lower the height of
patient support apparatus 36, or to change the orientation of
one or more sections of patient support apparatus 36. The use
of sensing mat 32 would provide additional manners for a
user to control patient support apparatus 36 beyond the con-
ventional apparatus controls that are typically found in sid-
erail control panels and/or footboard control panels. When
force sensors in flexible mat 32 are used for controlling
patient support 36 movement, such sensors can be located
along the sides of mat 32, or near one or more of the corners
of mat 32. In some embodiments, the force sensors of array 22
could be used as the force sensors referenced by the number
90 in commonly assigned, U.S. patent application Ser. No.
61/599,099, filed Feb. 15, 2012, entitled PATIENT SUP-
PORT APPARATUS AND CONTROLS THEREFOR, by
applicants Richard Derenne, the complete disclosure of
which is hereby incorporated herein by reference.

[0235] It will be understood by those skilled in the art that
any of the features described in any of the various embodi-
ments discussed herein may be combined with any one or
more of the other features described in the other embodiments
discussed herein. It will also be understood that, while the
present invention has been described herein in terms of the
several embodiments illustrated in the attached drawings, it
will be understood by those skilled in the art that the present
invention can be modified to include any and all variations
that are within the spirit and scope of the following claims.

1. A sensing system for a patient support comprising:

a sensor array integrated into a flexible mat, said mat
adapted to be placed over a patient support surface posi-
tioned on the patient support, said sensor array including
aplurality of sensors that are each adapted to detect force
exerted by a patient onto arespective sensor in the sensor
array;

a controller in communication with said sensor array and
adapted to process outputs from said sensor array to
determine a pressure distribution profile of a patient
positioned on the patient support; and

a display screen supported on the patient support, said
display screen adapted to display the pressure distribu-
tion profile.

2. The system of claim 1 wherein said controller is further
adapted to map the plurality of sensors in said sensor array to
at least one body part of a patient on the patient support.

3. The system of claim 1 further including a user interface
supported on the patient support and associated with the
display screen, said user interface in communication with
said controller, said user interface adapted to allow a car-
egiver to select which of said plurality of sensors in the sensor
array are used in a calculation performed by said controller.
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4. The system of claim 1 wherein said user interface allows
a user to view past pressure distribution profiles of a patient
positioned on the patient support.

5. The system of claim 1 wherein said controller is adapted
to determine from said sensor array at least one of'the follow-
ing: whether a patient has turned or not, if a patient is sitting
up on the patient support, an angular orientation ofa pivotable
portion of the patient support surface, if an undesirable con-
dition exists with respect to shear pressure exerted between
the patient and the patient support surface, if a patient has
bottomed out on a surface positioned underneath the patient,
or if a patient has exited the patient support.

6. The system of claim 1 wherein said controller is adapted
to determine from said sensor array if an undesirable shear
condition exists, wherein said undesirable shear condition is
based upon said sensor array detecting movement along said
sensor array of an area of pressure exerted by the patient
against the sensor array, said undesirable condition being
detected only if said area of pressure exceeds a predetermined
size, and only if a magnitude of pressure within said area of
pressure exceeds a predetermined threshold.

7. The system of claim 1 further including a pedestal sup-
portable on an IV hole defined in the patient support, said
display screen being supported on said pedestal, and wherein
said system further includes an alert light supported by said
pedestal, said alert light being spaced apart from said display
screen and adapted to be illuminated if an undesirable condi-
tion is detected by said sensor array, and said alert light also
being adapted to be visible from a facility hallway when the
patient support is positioned within a room such that a car-
egiver does not need to come within a vicinity of said patient
support to determine if the undesirable condition exists ornot.

8. The system of claim 1 further including a pedestal sup-
portable on an IV hole defined in the patient support wherein
said display screen being supported on said pedestal, and
further including a mounting bracket adapted to be inserted
into the TV hole on the patient support, said bracket support-
ing said pedestal and including a hole for supporting an IV
pole.

9. The system of claim 8 wherein said pedestal includes a
boom adapted to be releasably attached to said mounting
bracket, and said pedestal is adapted to allow said user inter-
face to be pivoted about both a horizontal and a vertical axis.

10. The system of claim 1 further including an identifica-
tion card reader adapted to read identification cards carried by
authorized caregivers, said identification card reader being
adapted to allow said sensing system to record an action taken
by an authorized caregiver whose identification care is read
by said identification card reader.
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11. The system of claim 1 further including a wireless
transceiver adapted to communicate wirelessly with a com-
munication network, said controller adapted to transmit an
alert signal to said communication network.

12. The system of claim 1 claim further including a location
device supported on said patient support, said location device
adapted to communicate wirelessly with a nearby transmitter
having an identity correlated to a specific location within a
health care facility.

13. The system of claim 1 wherein said user interface
includes a display and said user interface is adapted to display
on said display a timeline of past events detected by said
sensor array.

14. The system of claim 1 wherein said controller is
adapted to issue an alert when at least one of the following
conditions occurs: a patient may need boosting on the patient
support, a patient may need to be turned, a patient may be
experiencing excessive shear stress, a patient may be experi-
encing excessive compressive stress, a patient may have
changed from a supine to a sitting position, a patient may have
exited the patient support, and an angle of a head section of
said patient support may have decreased below a threshold.

15. The system of claim 1 wherein said sensor array and
said controller are adapted to determine at least one of the
following: a patient’s height; a patient’s body mass index; a
patient’s heart rate, a patient’s breathing rate, a patient’s
temperature, a patient’s regional mass index, a patient’s
weight, a patient’s quality of sleep, or a patient’s level of
agitation.

16. The system of claim 1 wherein said controller is further
adapted to determine from said sensor array whether a non-
patient object is positioned on the sensor array.

17. The system of claim 1 wherein said sensor array is
integrated into a mattress cover adapted to cover a mattress
positioned on the patient support.

18. The system of claim 1 wherein said display is a touch
screen adapted to allow a caregiver to control said system by
pressing said touch screen.

19. The system of claim 1 wherein said controller is in
communication with a scale system on said patient support,
said scale system adapted to measure a total weight of items
positioned on at least a portion of said patient support.

20. The system of claim 19 wherein said user interface
allows a caregiver to select a portion of said sensor array and
said uvser interface thereafter provides an indication of the
total weight sensed by said sensor array in the selected por-
tion.

21-42. (canceled)
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