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FURNITURE-INTEGRATED MONITORING SYSTEM
AND LOAD CELL FOR SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

{01} This application claims priority under 35 US.C. § 119e) from US.
provisional patent application no. 62/105,809, entitled “Furntture-Integrated Weight
Measwrement System and Load Cell for Same™ and filed on January 21, 2015, the

contents of which are incorporated herein by reference.
BACKGROUND QF THE INVENTION

1. Field of the lavention

{024 The present nvention pertains to systems for physical and health related
parameters. and in particular, to a monitoring system, such as a weight management
system, that may be integrated within a piece of furniture such as a bed.

2. Description of the Related Ant

{034 The World Health Organization {WHQO} mdicates that worldwide obesity
has nearly doubled since 1980 and is the fifth leading sk for global deaths. A similar
trend has been evident i the United States, causing more than one-third (or 78.6
million) of the adult population and 17% of the youth to be obese. Obesity causes
several healih-related risks such as heart disease, stroke, type 2 diabetes, and certain
types of cancer which makes it a leading cause of preventable death.

{04} Among the 36% of the US population with a disability, obesity is both
more prevalent and has greater consegquences. For instance, obesity is known to
exacerbate a large number of disabling conditiong including physical, muscular-
skeletal and mental disabilities. Hence, adults with disabilities are more prone to
obesity-related chronic health conditions than those without. Unfortunately, very little
attention has been given to such a matter of sertous conecern, It has been found that
Americans with disabilities are less hikely to engage in physical activities than those
without disabilities, with only 15% achieving the recommended level of physical
activity. People with lower limb impairments, specifically wheelchair users, have
significantly mcreased obesitv-related health risks due to the challenges of
maintaining an activity Hfestyle. Physical mactivity of wheelchair users with spinal

cord injury (SCTCI) 15 related to cardiovascular diseases, high blood pressure,
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ostevarthritis, osteoporosis, pressure uleers, urinary tract infections, and repetitive
strain mjories in apper extremities. These secondary health problems cause a
downward spiral of health and are major causes of mortality and morbidity in people
with disabilities. This evidence indicates that a physically active lifestyle and healthy
weight are critical for people with disabilities, especially wheelchair users, to avoid
obesity-related health risks and enjoy a better quality-of-lite.

j05] Maintaining a healthy weight is a challenge for everyvone. But when it
comes to wheelchair users, there are a host of complex issues with regards to weight
maintenance. Physical barriers to exercise and daily activities, attitudinal barriers
towards disability and health, environmental barriers for participation, maintaining
dietary needs over time, and type of disability are just some of them. While engaging
in physical activity can be a considerable challenge for this population, monitoring of
daily activities, physical health and weight, and providing useful feedback is one way
to help them start or continue with physical activity.

{06} The general population has a plethora of body monitoring devices ranging
from simple pedometers to complex nmiti-sensor platforms for activity tracking. On
the other hand, very few health-monitoring devices are available for wheelchair users.
in addition to having limited access to activity monitors, wheelchair users face serious
challenges with weight wacking. Weight-measuring devices appropriate for
wheelchair users are both cumbersome and expensive, making them really only
feasible n a clinic setting. Hospital and clinic-based scales such as roll-on, lift-based
and bed scales are available for weight measurement, but have hittle applicability
the home for various reasons. Roll-on scales, for instance, require the person to be
weighed with the wheelchaly and then the person 18 transferred out to weigh the
wheelchair separately, which requires assistance. Lift-based scales require assistance
as well, since the wheelchair user must be transferred onto the Iift's platform for
weighing. Hospital-based bed scales are convenient for the in-patient population, but
are not applicable for in-home use for several reasons: they cannot be integrated mto a
user’s bed, they do not accommedate weight measurement for multiple people {e.g.
husband/wite), they are expensive, and they do not provide the affordance of

momitoring with mobile devices.
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{071 Considering the deficiencies of existing weight scale systems for people
with disabilities and recogmizing their need for a comprehensive weight managemernt
svstem, there is a need for the development of a bed-integrated scale for mm-home use.

{08} In addition, prior art bed integrated load cell based systems have been
employed in a bost of chical studies for monitoring various other health parameters.
Assessment of sleep quality is one of the major applications. In one study, deseribed
tn Chot BH, Seo JW, Chot IM, Shin HB, Lee JY, Jeong do U, et al., Now-constraining
steepdwake monitoring system using bed aerigraphy. Medical & biological
engmeering & computiog. 2007:45{(1):107-14. Epeb 2006/12/06. doy:
10.1007/511517-006-0134-1, PubMed PMID: 17146691.2007, load cells were placed
under the bed legs to measure sleep efficiency and other sleep/wake related
parameters by analyzing body movements in bed while asleep. For this method of
monitoring sleep, the author coined the term “bed actigraphy”, which he compared to
the lab-based gold standard method of sleep analysis - polvsomnography (PSG). In
that study, bed actigraphy was found to be comparable with PSG and of clincal value.
Along with sleep monitoring, such load cell based non-invasive systems can provide
msights about sleep disorders. Monitoring of sleep-related breathing disorder,
detection of lving position in bed, insonmia, circadian rhythm disorder, periodic limb
movement disorder and restiessness are some of them. Measuring and tracking sleep
patterns is significant as mefficient sleep 1s related to mortality and morbidity risks.

[09] There is thus also a need for a bed integrated load cell based system for in-
home use that may be used for sleep momtoring or to monitor the status of other
health situations, such as rapid weight gain, that are symptoms of congestive heart

fatture and poor kidoey fonction.

SUMMARY OF THE INVENTION
14 In a first aspect, the present invention provides a load cell apparatus for
use with a bed having a plarality of legs that includes a housing having a top portion
and a bottom portion, and a load cell device held by the bottom portion of the
housing. The load cell device is structured to generate a sigual having s magnitude
that 1s proportional to a first force being applied to the load cell device. The load cell
apparatis also includes a button member held by the housing in 2 manner wherein the

hatton member is structured to engage the load cell device and apply the first force to
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the load cell device in response to a second force being applied to the top portion of
the housing.

11} The load cell apparatus may include a support mechanisin, suchas a
flexible member provided between the top portion of the housing and the bottom
portion of the housing or a series of flexible diaphragm or bushings held by the
housing, that is meant to climinate off-axis forces being transferred through the bodyv
of the housing. That 1s, this design is tailored to ensure all of the force transferred
from the bed leg passes directly into the tab load-cell. If force does pass through the
housing {avound the load cell) then it would lead to ervory in measurement.

{12} In another aspect, the present invention provides a system for determining
a risk that a patient may develop pressure sores for use with a bed having a plurality
of legs. The system includes a plurality of foad cell apparatuses, each load cell

ws. Fach load cell

P

apparatug being provided beneath a respective one of the fe
apparatus is structured to generate a signal that is proportional to a weight on
associated leg. The system further inchudes a processing apparatus coupled to each of
the load cell apparatuses that is structured fo: (1) receive the signal generated by each
of the load cell apparatuses, (it) determine periods of guiescence based on the
received signals, and {111} determiine a risk factor for pressure sores based on the
perieds of quiescence.

{13} In stilt another aspect, the present invention provides a system for
predicting an mnminent out-of-bed fall occurrence for use with a bed having a
plurality of legs. The system nclodes a phurality of load cell apparatuses, each load
cell apparatus being provided bengath a respective one of the legs. Each load cell
apparatus s structured 1o generate a signal that is proportional to & weight on the
associated leg. The system also includes a processing apparatus coupled to each of the
toad cell apparatuses that 1s stroctured to: (1) receive the signal generated by each of
the load cell apparatuses, (i) monitor 3 weight distribution on the legs based on the
weight distribution.

R I yer another aspect, the present invention provides a system for
determuning which of a first user and a second user are 1 a bed having a plurality of
legs. The system includes a plurality of load cell apparatuses, each load cell apparatus

heing provided beneath a respective one of the legs.  Bach load cell apparatus 1s

4



WO 2016/118546 PCT/US2016/013989

structured o generate a signal that is proportional 0 a weight on the associated leg.
The system also includes a processing apparatas coapled to each of the load cell
apparatuses, the processing apparatus being structured to: {1} receive the signal
generated by each of the load cell apparatuses, and (1) determine one of the following
conditions based on the recetved signals: {1} none of the first user and the second nser
are in the bed, {2) only the first user is in the bed, (3) only the second user is in the
bed, or (4} both the first user and the second user are in the bed. The processing
apparatus may be further structured to determine a weight of the first user and a
weight of the second user based on the determined condition and the recetved signals.
It will be ynderstood that the embodiments described herein that mention first and
second users are not meant o cover jJust fwo users, but rather are meant to tnclude ftwo
or more {1.e., multiple} users.

{15} In still another aspect, the present invention provides a patient monitoring
system that mcludes a pluality of bed monitors, wherein each bed monitor includes a
bed having a plurality of legs, and a plurality of load cell apparatuses, each being
provided beneath a respective one of the legs. Each load cell apparatus is structured
to generate a signal that is proportional to & weight on the associated leg. The system
further includes a processing apparatus coupled to each of the load cell apparatuses,
the processing apparatus being structured to: (i) receive the signal generated by each
of the load cell apparatases, (it} determine periods of quiescence based on the
received signals, (111} determine a risk factor for pressure sores based on the periods of
quiescence, (v} transmit the risk factor to at least one remote computing device, {(v)
monitor a weight distribution on the legs based on the received signals, (vi) determine
that a fall iz yominent based on the monitored weight distribution, (vi1) generate a fall
alarm inresponse to deternyining that a fall is imminent, and (viid) transmit the risk
factor to the at least one remote computing device.

{16} In another aspect, the data collected by the system could be combined with
other data such as calorie intake, daily activity, etc. to provide a comprehensive health
monitoring solution. The data could be used by the person who uses the bed orbe
passed to other family members (for example, to monitor whether grandma is
sleeping, etc.) or clinicians to monitor behavior. Changes i weight and sleep habuis
are hinked to some medical conditions, such as congestive heart fatlure (CHF). So, for
examople, a rapid weight change detected by the system could indicate water retention

f;
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and trigger a medical alert. Also, weight measuwrements arg important for medical
dosing. Thus, frequent weight measurements related to medicine dosing may be used
for alerting healthcare providers to symptoms such as congestive heart fatlure, kidney
issues, ete. So, for example, if someone has an onset of CHF | a clinician could wse
the daily weight measprements to meter the dosage of lasixs.

{17} in still another aspect, a monitoring system for use with a bed having @
plurality of legs is provided. The system includes a plurality of load cell apparatuses
each as described above, each load cell apparatus being structured to be provided
Beneath a respective ong of the legs. The sysiem also includes a processing apparatus
coupled to each of the load cell apparatuses, the processing apparatus being structurad
fo: {1} receive the signal generated by cach of the load cell apparatuses, (it) generate a
second signal based on the signal generated by each of the load cell apparatuses, and
{111} cause the second signal t0 be commumnicated to a remote computer system having

a remote database associated therewith

BRIEF DESCRIPTION OF THE DRAWINGS

{18} FIG. 1 15 a schematic diagram and FIG. 2 is a block diagram of' a bed-
integrated monitoring system for in-home use according to an exemplary, non-
Limuting embodiment of the disclosed concept;

119 FIGS. 3, 4 and 5 are exploded views of a load cell assembly of the
monitoring system of FIG. 1 according to one particular exemplary embodiment;

1204 FIG. & 1s an tsometric view of a bottom housing portion of the foad cell

assembly of FIGS. 3, 4 and 3;

{21} FIG. 7 15 an isometric view of a mounting tray of the load cell assembly of
FIGS. 3, 4 and 5;
122} FIG. 8 is an isometric view of a load cell cantilever piece of the load cell

assembly of FIGS. 3, 4 and 5,

{23} FIG. 9 15 an isometric view of a flexible diaphragm member of the load
cell assembly of FIGS. 3, 4 and 5;

{24] FIGS. 10, 11 and 12 are isometric views of a button member of the load

cell assembly of FIGS. 3, 4 and §;
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{251 FIGS. 13 and 14 show the button member coupled to the fexible
diaphragm member;

{26} FIG. 15 is a side elevational view of a spherical ball of one particular
exemplary embodiment of the load cell assembly of FIGS. 3, 4 and §;

{271 FIG. 16 1s an isometric view of a control unit of the system of FIG. 1
according to one exemplary embodiment;

{28] FIG. 17 is a schematic diagram of a patient ;monioring system according
to a further alterative exemplary embodiment of the disclosed concept;

{291 FIGS. 18 and 19 are top and boftor isometric views, respectively, of a
load cell assembly according to an aliernative embodiment of the disclosed concept;

{36} FIGS, 20 and 21 are bottom isometric and cross sectional views,
respectively, of a load cell assembly according to another alternative embodiment of
the disclosed concept;

{314 FIG. 22 is a schematic diagram of a bed-integrated monitoring system for
in-home uge according to an alternative exemplary embodiment of the disclosed
concept;

{32} FIG, 23 is g schematic diagram of a master load cell assembly of the
manitoring system of FIG. 22;

{33} FIG. 24 is a schematic diagram of a slave load cell assembly of the
monitoring system of FIG. 22;

{34} FIG. 25 15 a top-level schematie ilustrating a machine leaming algorithm
implemented in the monitoring system described herein according s particular

exemplary embodiment;

135] FIG. 26 15 a Howcehart tustrating operation of the algorithm of FIG, 25
136} FIG. 27 is a top-level schematic illustrating a machine learning alporithm

implemented i the monitoring system described herein according another particular
exemplary embodiment; and

-
i

{371 FIG. 28 is a flowchart illustrating operation of the algorithm of FIG. 2

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[38] As used herein, the singudar form of &7, “an”, and “the” include plural

references unless the context clearly dictates otherwise. As used herein, the statement
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that two or more parts or components are “coupled” shall mean that the parts are

gether either directly or indirectly, 1.e., through one or more

ot

joined or operate to
intermediate parts or components, so long as a link occwrs.

{391 As vsed hevein, “directly coupled”™ means that two elements are directly in
contact with each other.

{40} As used herein, “fixedly coupled” or “fixed” means that two components
are counpled so as to move as one while maintaining a constant orientation relative to
each other.

{41} As nsed herein, the word “pntary” means a component 1s created asa
single piece or ynit. That is, a component that includes pieces that are created
separately and then coupled together as a anit 13 not a “unitary” component or body,

j42] As emploved herewn, the statement that two or more parts or components
“engage” one another shall mean that the parts exert a force against one another either
directly or through one or more mtermediate parts or components.

{43} As employed herein, the term “number” shall mean one or an imeger
greater than one (i.e., a plurality).

[44] As used herein, the terms “component” and “system” are intended to refer
to a computer related entity, either hardware, a combination of hardware and
software, software, or software in execution. For example, a component can be, but 1s
not limited to being, a process running on a processor, a processor, an object, an
executable, a thread of execution, a program, andfor a computer. By way of
Hlustration, both an application ranning on a server and the server canbe s
component. One or more components can reside within a process and/or thread of
execution, and a component can be localized on one computer and/or distribyted
between two o more computers.

[45] Directional phrases used herein, such as, for example and without
limitation, top, bottom, eft, night, upper, lower, front, back, and derivatives thereof,
relate to the orientation of the elements shown in the drawings and are not limiting
upon the claims unless expresaly recited theremn.

j46] The present invention will now be described, for purposes of explanation,
mn connection with mumerous specific details 1 order to provide a thorough

understanding of the subject invention. It will be evident, however, that the present
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imvention can be practiced without these specific details without departing from the
spirit and scope of this nnovation,

{47} FIG. 1 is a schematic diagram and FIG. 2 is a block diagram of a bed-
wtegrated monitoring system 2 for in-home use according to an exemplary, non-
fimiting embodiment of the disclosed concept that may be used for measuring and
monitoring the weight of one or more individuals, such as one or more wheelchair
users (in other exemplary embodiments described elsewhere herein, monitoring
svstem 2 may also be used to monitor for other health and safety related conditions
such as, without limitation, sleep, the potential for the development of pressure sores
and/or the presence of conditions indicating that a fall is likelv). As seenin FIG. 1, 1n
the exemplary embodiment, montoring system 2 13 integrated in a home environment,
such as a bedroom, that meludes a bed 4 and a mightstand 6. Monitoring svstem 2
includes a plurality of {e.g., four) Joad cell assemblies 8 that are operatively coupled
to & control wnit 10, In the illustrated embodiment, each load cell assembly 8 is
positioned beneath a respective one of the legs 12 of bed 4, and control unit 10 is
positioned on nightstand 6. Each load cell assembly 8 is structured to measure the
magnitude of g force that is being applied thereto by the respective leg 12 and to
generate a signal indicative of that force. In addition, each load cell assembly 8 isin
electronic conumunication with control wait 10, In the exemplary embodiment, each
load cell assembly B is wirelessly connected to control unit 10 to provide sach
electronic communication (e.g., by having an onboard power source and wireless
commaunications module such as 8 Bluetooth® module), although it will be
understood that such electronic conununication may also be provided via a wired
connection. According {o one aspect of the disclosed concept, controf unit 10 18
structured to veceive each of the force signals from the load assemblies 8, wlhich
together are indicative of the weight present on bed 4, and to determine and display
weight information relating to the weight of one or more users of bed 4. in the non-
Hmiting exemplary embodiment, control unit 10 implements an algorithm that sums
the weight data from each load cell assemibly & and based thereon determines and
displays the current weight of a user resting on bed 4. The weight data may be
sampled periodically, e.g. every second, and control unit 1} has the capacity to log

weight data for a period of time, such as one vear.
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{48} Referring to FIG. 2, an exemplary embodiment of control anit 10 1
shown. Ag seen in FIG. 2, control wnst 10 includes a processor apparatus 14, an input
apparatus 16 {such as one or mere buttons or a touchscreen), a display 18 (such as a
tiquid crystal display (L.CD)), a communications module 20 (which in the exemplary
embodiment is a wireless communications module such as a Blustooth® module
and/or a WiFi module}, a8 removable storage device 22 (such as a micro SD card) and
an AC/DC converter 24 for providing DC power to control unit 16 from an AC source
such as a wall outlet. A user is able to provide input inte processor apparatus 14 using
nput apparatus 16, and processor apparatas 14 provides output signals to display 138
to enahle display 18 to display information, such as weight information as described
herein, 1o the user. In the Hlustrated, exemplary embodiment, processor apparatus 14
comprises a processor 26 and a memory 28. Processor 26 may be, for example and
without limitation, a microprocessor {gP), a microcontrolier, an application specific
uitegrated circuit {ASIC), or some other suitable processing device, that interfaces
with memory 28, Memory 28 can be any one or more of a variety of types of internal
andfor external storage media such as, without imitation, RAM, ROM, EPROM(s),
EEPROM(s), FLASH, and the like that provide a storage register, 1.e., 3 machine
readable medium, for data storage such as in the fashion of an internal storage area of
a computer, and can be volatile memory or noavolatile memory. Memory 28 has
stored therein a number of routines that are executable by processor 26. One or more
of the routines implement (by way of computer/processor executable instructions} at
teast one embodiment of the methods discussed herein for monitoring the weight or
another health parameter relating to the user of bed 4.

{49} FIGS. 3, 4 and 5 are exploded views of foad cell assembly 8 according to
one particular exemplary embodiment of the disclosed concept. FIGS. 3and 4
provide a top isometne perspective and FIG. § provides a bottom sometnic
perspective. As seen in FIGS. 3, 4 and §, load cell assembly 8 in this embodiment
includes a disk-shaped housing that includes a top housing portion 30 that is coupled
to a bottom housing portion 32, Ax described herein, top housing portion 30 and
bottom housing portion 32 are structured 1o house and support the various
components of load cell assembly 8.

{561 FIG. 6 is an isometnce view of bottom housing portion 32, Asseen m FIG.

&, bottom housing portion 32 includes a base member 34 having an outer wall 36

10
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extending upwardly therefrom. Base member 34 includes a recessed pocket 38, and
outer wall 36 includes a ledge portion 40 adjacent recessed pocket 38, In the
exemplary embodiment, recessed pocket 38 is structured {o receive and securely hold
a mounting tray 42 as shown in FIG. 7. Mounting tray 42 is, in turn, stroctured to
receive and hold a load cell 44 as seen in FIGS. 3 and 4. Furthermore, ledge portion
40 is structured to receive and hold a printed circait board 46 (that includes thereon
appropriate measurement, control and communications electronics) as shown in FIGS.
3 and 4. Load cell 44 and primed circuit board 46 are structured to, in cooperation
with other parts of Joad cell assembly 8 described herein, generate the force indicative
signals that are described elsewhere herein.

{51} In the exerplary embodiment, load cell 44 includes a load cell cantilever
piece 48 as shown tn FIG. 8, which may be miade of steel or any other suitable
material. Load cell cantilever piece 48 includes an outer support frame portion 50
having a cantilever portion 32 extending therefrom and into an interior thereof.
Cantitever portion 52 mcludes a proximal end 54 and a distal end 56, As seen in FIG.
3, load cell 44 further includes a number of strain ganges 38 that are provided on the
surface of proximal end 54 of cantilever portion 52. In one particular exemplary
embodiment, strain gauges 38 are provided on both the top and the bottom surfaces of
proximal end 54. Strain gauges 38 are electrically connected to the electronic
components provided on printed circuit board 46 such that measurements made by
strain gauges 58 are communicated to printed cireuit board 46 for further processing
and/or transmission thereof as deseribed herein,

{521 In one particular exemplary embodiment, strain gauges 38 are soldered to
form a foll Wheatstone bridge with two strain gavges S8 o each side of proximal end
34 of cantilever portion 52 to compensate for temperature, to be highly sensitive to
bending strain, and 1o avoid lead resistances and axaal strain. The resplting voltage
difference across the Wheatstone bridge is, in this embodiment, amplified by an
amplifier device provided on printed circuit board 46 before the signals are sent to
control unit 1} as deseribed herein.

153} 1o addition, as seen 1n FIGS. 3, 4 and 5, load cell assembly & includes a
foad cell engagement assembly 60 that 1s structured 1o be provided between top
housing portion 30 and bottom housing portion 32. Load cell engagement assembly

60 mcludes a ring member 62 provided on a top side of a flexible diaphragro member

it
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64, and 3 button member 66 that is held and supported by flexible diaphragin member
64 as described herein. In the exemplary embodiment, ring member 62 is made of
aluminum or another suttable rigid material, flexible diaphragim member 64 is made
of rubber or another switable flexible material such as, without himitation, silicone,
and bution member 66 1s made of acryvlonitnile batadiene styrene ABS or other rigad
plastics. FIG. 9 is an isometric view of flexible diaphragm member 64 and FIGS. 10,
11 and 12 are side elevational, top isometric, and bottom isometric views,
respectively, of button member 66 according to the exemplary embodiment.

(84 Referring 1o FIGS. 3 and 9, flexible diaphragm member 64 includes a
central aperture 68, an nner portion 70, and an outer edge portion 72, When load cell
assembly B8 is assembled, outer edge portion 72 of flexible diaphragm member 64 is
tocated beneath and outside of the outer pertmeter of ring member 62 and forms a
gasket member for providing a seal between top housing portion 30 and bottom
housmg portion 32, and inner portion 68 of flexible disphragm member 64 is located
within the inner perimeter of ring member 62 and provides 8 flexing member for
transferring load forces to load cell 44 as described herein.

[55] As seen in FIGS. 10, 11 and 12, button member 66 includes a central disk-
shaped body 74, a top cvliindrical button portion 76 provided on a top surface of body
74, and a bottom cylindrical button portion 78 provided on a bottom surface of body
74. In order to assemble engagement assembly 60, top cylindrical button portion 76 1s
inserted through a central aperture 68 of flexible diaphragm member 64 to form a sub-
assembly as shown m FIGS. 13 and 14, Ring member 62 is then provided on the top
surface of flexible diaphragm member 64 as shown in FIG. 3. Thereafter, to further
assemble foad coll assembly &, engagement assembly 60 is provided between top
housing portion 30 and bottom housing portion 32, When this is done, bottom
cylindrical button portion 7R will engage distal end 56 of cantilever portion 32, In
addition, as seen in FIG. 5, the bottom surface of top housing portion 30 includes a
central circular recess 80 that is structured 1o receive top cylindrical buiton portion 76
thergin when load cell assembly 8 is assembled. In addition, as seen in FIG. 4, in the
iustrated embodiment, the top surface of top housing portion 30 15 concave-shaped
s0 as to accommodate a variety of types of bed legs. In addition, the top surface of top
housing portion 30 mcludes a recessed portion 82 that receives a rubber disk member
R4 theretn to complete the assembly of load cell assembly 8 Rubber disk member 84
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is engraved 50 as to allow g user to position bed legs 12 coaxially to avoid any offe
centered loading of load cell assembly 8 during installation. In one particular
embodiment, top housing portion 30 is painted a bright color for the color to show
through the engravings in rabber disk member 84

{56} In one particalar exemplary embodiment, a spherical steel ball 86 1s
provided within a central bore 88 provided in bottom cyvlindrical button portion 78. In
this embodiment, #t is spherical steel ball 86 that directly engages distal end 36 of
cantilever portion 32, In this configuration, spherical steel ball 86 provides a
stngle point of loading of distal end $6 of cantilever portion 52. Thas, the
configuration of load assembly 8 as described provides for single point force
transmission from leg 12 to load cell 44 centrally.

157} In operation, when a force is applied to top housing portion 30 through
rubber disk member 84, that force 1s transferred to top cylindrical button portion 76.
That force causes flexible diaphragm member 64 to flex such that the force is then
transferred to distal end 56 of cantilever portion 52 through bottow cyvhindrical button
portion 78 {and, in the example embodiment, through spherical steel ball 86). When
such force is applied to distal end 56 of cantilever portion 52, strain gauges 58 will
make measurements indicative thereof that are provided to the electronics on printed
circuit board 46. As described elsewhere herein, in the exemplary embodiment, the
force signals generated based upon such measurements may be wirelessly transmitted
to control unit 10 for use thereby as described herein,

{38} FIG. 16 is ansometric view of control anit 10 sccording to one particular,
non-limiting exemplary embodiment. Control wnit 10 mcludes a housing 88 that
houses the various components shown in FIG. 20 As noted elsewhere herein, control
unit 10 s structured to display weight information instantly 10 the user of bed 4 using
display 18, In the exemplary embodiment, processor apparatus 14 sums weight data
from each load cell assembly 8 and converts the result into a known weight format for
displav on display 18. In the illustrated embodiment, housing 88 is provided with a
dock 94 docking a mobile phone or similar device.

1591 According to one aliemnative exemplary embodiment, mounitoring system 2
is configared to determine a risk that a aser of the bed will develop pressare sores.
Such an implementation is of particular use for individuals with spinal cord injuries

and/or other mobility andi/or sensory mpatrments. In order for such people to avoid
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pressure sores or other complications, it is necessary for them o change their body

position in bed after a certain period of time. Thus, in this exemplary embodiment,

processor apparatus 14 includes one or more routines that are structured to receive the
signals from each of the load cell assemblies 8 that are proportional to the weight on
the leg 12 that is associated with the load cell assembly & and, from those signals,
determine pertods of quiescence (i.¢., no motion), In the exemplary embodiment, such
periods of quiescence are determined by substantially static (substantially
unchanging) force measurements {e.g. less than 5 1bs.) over a predetermined duration
of time, such as 30 minutes, while the user is 1 bed. In one embodiment, this would
be accomplished by monttoring force measurements on each load cell assembly §, and
determining if it changes over a threshold (sach as 5 Ibs), Alternatively, center of
pressure could be determined by identifying the average location of the weight and
monitoring whether that average location moves by a certain percentage or distance

{assuming the bed size is known). In addition, the routines are structured to log such
determined pertods of quiescence and, based on the amounnt, duration, and/or
frequency of such periods, determine a risk factor indicating the likely risk that the
user will develop pressure sores. That risk factor may, for example, be displaved on
display 1§ or sent to a remote alert system as described herem to indicate to the user
or a caregiver of the user that the user should shift to another position,

{60] According to another alternative exemplary embodiment, monitoring
system is configured to predict an out-of-bed fall occurrence before it ocours. In this
exemplary embodiment, processor apparatus 14 includes one or more routines that are
structured o receive the signals from each of the load cell assemblbies 8 that are
proportional to the weight on the feg 12 that is associated with the load cell agsembly
8 and, from those signals, monitor the weight distribution among the load cell
assemblies 8. In this embodiment, changes in such weight distribution are monitored
for conditions that indicate that a fall out of bed 4 is imminent, such as the center of
pressure of an occupant of bed 12 approaching the edge of bed 12,

j61] In still another alternative embodiment, monttorimg system 2 may be
configured o both determine a risk that a user of the bed will develop pressure sores
as just described and predict an out-ofibed fall occurrence before it oceurs.

{62} According to still another alternative exemplary embodiment wherein bed

4 15 wsed by multiple (e.g., two) users, monitoring system 2 1s configured to determine
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at any particular time which user{s} is on the bed, and using that infoumation to
monitor the weight of each user over time. In this embodiment, processor apparatus
14 is provided with a machine leamning algorithm that has been trained in advance
using certain known “trath” data to be able to segregate the data collected by the load
cell assemblies 8 as described herem into one of the following four categories: (1) no
users on bed 4, {2) user 1 only is on bed 4, (3) user 2 onlv 1s on bed 4, and (4} both
user 1 and user 2 are on bed 4. In the exemplary embodiment, the machine learning
algorithm emplovs a Naive Baves classifier having a support vector machine that is
trained in advance with known “truth” data, and the classifier is vsed {0 segregate the
data into the four categories just described and to thereafter deternune individual
weights of the two users. The exemplary embodiment operates as follows. First,
during a setup stage, each user {user 1 and user 2 in the present example) will setupa
profile i processor apparatus 14 and then sit/rest on their side of the bed one at a time
so that readings can be taken from each of the load cell assemblies & Next, during an
operational stage, processing apparatus 14 will periodically receive and record weight
data from each of the load cell assemblies 8 and determine the times at which the
readings from the load cell assemblies 8 change. Processing apparatus 14 will then
use the trained Naive Baves classifier to analyze the recorded data so that it will be
able to segregate the data for any particular time into one of the four categories
identified above. In addition, based on the categorization, processing apparatus 14 i
able to determine and record individual weights for each of the users. In addition to
recording weight nformation for cach of the users individually, this classification
mechanism may also be used to determine and store other parameters for each of the
nsers ndividoally, such ag, without Hmitation, sleep quality and motion related data
suchy as periads of quiescence as described herein. In the exemplary embodiment,
sleep guahity 1s determined throagh activity, which is essentially the ratio of the
amount of motion {in time} in bed normalized by the total time in bed.

{63} FIG. 25 is a top-level schematic llustrating an exemplary machine
tearning algorithm as just described implemented in montoring system 2 according to
another particular exemplary embodiment wherein weight, sleep quality, fall visk and
pressure sore risk mformation, among others, may be monitored for two nsers. FIG.
25 illustrates the data vanables, classifier, events, and alarm/outcome that may be

iraplemented in such an emsbodiment. In addition, FIG. 26 1s 8 flowchart 300

is



WO 2016/118546 PCT/US2016/013989

ilustrating operation of such a machine lsarning algorithm according to one particular
implementation. As seen m FIG. 26, operation of the machine leaming algorithm
includes a first branch 302 that 1s executed when one of the users enters or exits bed 4,
and a second branch 304 that is executed when, mstead, it is determined that a user of
bed 4 has moved.

jo4] it will be understood that the embodiment described above that mentions
two users {user 1 and user 2} 1s not meant to cover just two users, but rather may also
inchude two or more (1.e., multiple) users.  Thus, a third profile conld be determined
and used. Forexample, a child could clinb on the bed and be weighed.

Atlernatively, a child and their pareats could be on the bed together and the system
could determine all of their individual weights simulianeously, The systern may thus
be used to help determine which, f any, of the peaple/petsiete. are on the bed
individually or togethier, and then keep a “diaryfog”™ for each which includes weight,
sleep behavior, ete.

{65} FIG. 27 1s a top-level schematic illustrating a machine learning algorithm
mplemented in monitoring system 2 according to still another particular exemplary
embodiment wherein weight, sleep quality, fall nisk and pressure sore risk
miformation, among others, may be monitored for a single user. FIG. 27 illustrates the
data variables, classifier, events, and alarm/outcome that may be implemented m such
an embodiment. In addition, FIG. 28 is a flowchart 400 iHlustrating operation of such a
machine learning algorithm according to one particular implementation. As seen m
FIG. 26, operation of the machine learning algonithm includes a first branch 402 that
is executad when the user enters or exits bed 4, and a second branch 304 that is
executed when, instead, it is determined that the user of bed 4 has moved.

166} FIG. 17 iz a schematic diagram of a patient moniforing systemn 100
according to g further alternative exemplary embodiment of the disclosed concept.
Patient monttoring system 100 may be emploved in a clinical setting, such as a
hospital or nursing home, to monitor various patients. As seen in FIG. 17, patiemt
monitoring system 100 includes a plurality of bed monitors 102, wherein each bed
monitor 102 mclodes a bed 4, a plurality of load cell apparatuses 8 as described
herein, and a control unit 10 as described herein (including a real time clock for time
stamping collected data}. Each bed monitor 102 1s structured to operate as described

heremn. In particular, the control untt 10 of each bed monitor 102 15 structured to
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receive the signal generated by each of the load cell assemblies 8 associated
thevewith. Farther, the control wnst 10 of each bed monitor 102 is also stractured to
determine periods of quiescence based on the received signals, determine a risk factor
for pressure sores based on the periods of quiescence, monitor a weight distnibution
on the assoctated bed 4 based on the received signals, determine that a fall is
imminent based on the monitored weight distribution, and generate a fall alarm in
respanse to determining that a fall is snminent. Patient monitoring system 100 further
ncludes a remote computing device in the form of central control and monitoring unit
104, which may be located at, for example withowt Hmiiation, a purse’s station. The
bed monitors 102 are, in the lustrated exemplary embodiment, each structured to
fransmit (in a wired or wireless manner) the determined risk factor and fall alarm to
the central control and monitoring unit 104 so that a caregiver can be made aware of
such conditions. In an alternative embodiment; each bed monitor 102 may be
structured to transmit (i a wired or wireless manner) the signals generated by the
associated load assemblies § to central control and wonitoring vnit 104 which then
centrally determines the risk factor and the fall alarm ag described herein for each bed
monitor 102 as appropriate.

{671 FIGS. 18 and 19 are top and bottom isometric views, respectively, of a
load cell assembly 108 according to an aliernative embodinment of the disclosed
concept. Load cell assembly 108 may be substituted for load cell assembly 8 in the
various embodiments described herein. Load cell assembly 108 includes a disk-
shaped housing that includes a top housing portion 102 that 1s similar in stracture 1o
top housing portion 32 that is coupled 1o a bottom housing portion 104, Top housing
portion 102 and bottom housing portion 104 of the present aliermnative smmbodiment are
structured to house and support the various components of load cell assembly 108,
which include a load cell 44, a printed circuit board 46 (not shown), and a button
member 66 as described elsewhere herein. As seen in FIG. 19, button member 66 in
this embodiment is attached to and held by the bottom swrface of top housing portion
102. Button member 66 mceludes bottom eyhindrical button portion 78 for engaging
toad cell 44 as described herein. As seen in FIGS. 18 and 19, top housing portion 102
mcludes a plarahity of 10 members 106 that extend from the bottom surface thereof.
In addition, botiom housing portion 104 includes a plurality of channel members 109

that are each stroctured to recetve and hold a respective pin member 106 in a manner
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which holds the pin member 106 in place horizontally but allows for vertical
movement. In one embodiment, each channel member 109 comprises a linear
bushing member. In another embodiment, each channel member comprises a flexible
diaphragm member. In this embodiment, the structore including pin members 106 and
channel members 109 prevent {op housing portton 102 from tipping in the event of
off-center loading while at the same time transferring the load applied to top housing
portion 102 to load cell 44.

[68] FIGS. 20 and 21 bottom isometric and cross sectional views, respectively,
of a toad cell assembly 118 according lo another alternative embodiment of the
disclosed concept. Load cell assembly 118, like {oad cell assembly 108, may be
substituted for load cell assembly 8 in the varions embodiments described herein,
Load cell assembly 118 includes a disk-shaped housing that includes a top housing
portion 112 that 1s stimifar in strocture to top bousing portion 32 that is coupled to a
bottom housing portion 114. Top housing portion 102 and bottom housing portion
104 of the present alternative embodiment are structared to house and suppon the
various components of load cell assembly 118, which include a load cell 44, a printed
circuit board 46 (not shown), and a button member 66 as described elsewhere herein.
As seen in FIG. 21, button member 66 in this embodiment is attached to and held by
the bottom surface of top housing portion 112, As also seen in FIG. 21, top housing
portion 112 includes an outer ring or flange member 116 that extend from the top
portion thereof. Top housing portion 112 and bottom housing portion 114 are
structured such that outer wall 120 of bottom housing portion 114 engages the Hange
member 116 but allows relative vertical movement between the 2 components to

ge the load cell 44, while at the same time

B

enable button member 66 {0 enga
preventing top housing portion 112 from tipping in the event of off-center loading.
[69] FIG. 22 is a schematic diagram of a bed-integrated monitoring system 200
for in-home use according to an alfernative exemplary embodiment of the disclosed
concept that may be used for measuring and monitoring the weight of one or more
individuals, such as one or more wheelchair users {in other exemplary embodiments,
monioring system 200 may also be used to monitor for other health and safety related
conditions such as, without imutation, sleep, the potential for the development of
pressure seres and/or the presence of conditions indicating that a fall 1s likely). Like

monitoring systern 2, monttoring system 200 15 integrated 1 a home environment,
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such as a badroom, that includes a bed 4 as described herein {sot shown in FIG. 22).
Monitoring system 200 s structured as a master/slave system and includes a master
load cell assembly 202 and a plurality of (e.g., three) slave load cell assemblies 204
that are operatively coupled to master load cell assembly 202, As described in greater
detail herein, master load cell assembly 202 15 structured to include most if not all of
the functionality of control unit 10 {with the exception of displaying information in
the exemplary embodiment).

{76} Each load cell assembly 202, 204 is structured to be positioned beneath a
respective one of the legs 12 of bed 4 {in the same manner as shown in FIG. 1 in
conngction with load cell assembly 8}, In the exemplary embodiment, master load
cell assembly 202 and each slave load cell assembly 204 clude a load cell 44 and a
housing structure according to any of the embodiments deseribed herem {e.g., that of
toad cell assembly §, load cell assembly 108 or load cell assembiy 118}, Each load
cell assembly 202, 204 is structured to measure the magntiude of a force that is being
applied thereto by the respective leg 12 and to generate a signal indicative of that
force. In the present embodinmem, each slave load cell assembly 204 is m electronic
compmnication with master load cell assembly 202, In the exemplary embodiment,
each slave load cell assembly 204 is wirelessly connected to master load cell
assembly 202 to provide such electronic communication {e.g., by having an onboard
power source and wireless communications module such as a Blustooth® modale),
although 1t will be understood that such electronic communication may also be
provided via 8 wired connection. According to one aspect of the disclosed concept,
master load cell assembly 202 is structured to receive each of the force signals from
slave load assenblies 204, which together with the force measurerent made by
master Joad cell assembly 202 are indicative of the weight present on bed 4.

{71} Master load cell assembly 202 15 stroctured to determine weight
wiformation relating to the weight of one or more users of bed 4 and to communicate
that weight information 1o a remote computer system 206, In the exemplary
embodiment, such remote communication is performed by first wansmiiting the
information wirelessly 1o a rowter 208, such as @ Wi-Fi router, which then transmits
the information to remote computer system 206 through a network 210, suech as the
Internet. Alternatively, master load cell assembly 202 may include a communications

modale 20 capable of broadband wireless communications 1o enable data to be
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transmitted therefron to remote computer 1o 8 6 using a cellular data network. A
remote database 212 18 associated with remote computer system 206 for storing the
weight (and possibly other} information of a number of users of monitoring system
200, That information may then be selectively provided to the user by transmitting
that information to a user computing device 214, such as a smart phone, tablet or PC,
though network 210 in a known manner.

{72} FIG. 23 is a schematic diagram of master load cell assembly 202 according
to one non-limiting exemplary embodiment. As seen in FIG. 23, master load cell
assembly 202 ncludes many of the same components as monitoring amt 1), and tike
components are labeled with like reference numerals. In addition, as mentioned
above, master load cell assembly 202 also includes load cell 44 as described herein, In
this embodiment, commumnications module 20 includes a Bluetooth® module for
conumunicating with each slave Joad assembly 204, and 8 Wi-Fi modsle for
conununicating with router 208, Also in this embodiment, master load cell assembly
208 15 powered by being plugged into a wall outlet or similar AC source as described
elsewhere herein.

{73} FIG. 24 is a schematic diagram of slave load cell assembly 204 according
to ope non-limiting exemplary embodiment of the disclosed concept. Slave load cell
assembly 204 mcludes a control circuit 216, load cell 44 as described herein, and a
communications module 218, which m the exemplary embodiment 1s a Bluetooth®
module. In addition, in the illustrated embodiment, rather than being powered by an
AC source such as a wall ontlet or by an on-board battery, each slave load cell
assembly 204 is provided with energy harvesting circuitry 220 that &5 structured to
harvest energy from the environment for powering stave load cell assembly 204, In
one exemplary embodiment, energy harvesting circuityy 220 is a piezoelectric eleciric
energy harvesting circuit that produces an electric charge when undergoing
mechanical stress as a result of forces being applied to bed 4 as described herein. In
another exemplary embodiment, energy harvesting circuitry 220 s a radio frequency
(R¥} energy harvesting circuit which collects ambient or wransmitted RF signals to
generate power. In particular, in this exemplary embodiment, energy harvesting
circuitry 220 is stroctured to convert ambient or transmitted RF energy that is
recetved by an antenna thereof from an AC voltage to 3 DC voltage which is then

used to provide operating power for slave load cell asserably 204, Such energy
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harvesting fechnology is wall known in the art and 15 deseribed in, for example, and
without limitation, U.S. Pat. Nos. 6,289 237, 6,615,074, 6,856,291, 7,057,514, and
7,084 603, the disclosures of which are incorporated herein by reference. Inthe
exemplary embodiment, sach RF energy harvesting circuwitry comprises a matching
circuit/charge pump combination that 1s coupled to an antenna 22, An exemplary
system that could be used is the P1110 RF power harvesting system by Powercast
Corporation.

[74] In still another alternative embodiment, monitoring system 2 as described
havein may be structured to communicate with remote compuier system 206 of FIGL
22 as described herein to provide similar remote access functionality to that described
in connection with monitoring system 200, 1n addition, in monitoring system 2, each
toad cell assembly 8 could be provided with energy harvesting cucuitry 220 as
described above in order to provide power thereto in lieu of using a battery.

{75] Farthermore, in emboduments which employ remote computer systein 206,
such embodiments may be further configured to enable remote computer 206 to
determine one or any combination of the following in the manner described herein: (1)
periods of gquiescence and a risk factor for pressure sores, (i1) weight distribuytion on
the bed legs and an indication that a fall is ynminent based on the determined weight
distribution, (111} which of a first user and a second user are in the bed and bhased
thereon make weight measurements over time.

{76} In the claimms, any reference signs placed between parentheses shall not be
construed as limiting the claim. The word “comprising” or “including”™ does not
exclude the presence of elements or steps other than those listed ina claim. Ina
device claim enamerating several means, several of these means may be embodied by
one and the same item of hardwars., The word “a” or “an” preceding an element doss
not exclude the presence of a plurality of such elements. In any device claim
enumerating several means, several of these means may be embodied by one and the
same item of hardware. The mere fact that certain elements are reciied in mutually
different dependent claims does not indicate that these elements cannot be used in
combination.

{77 Although the invention has been described 1n detail for the purpose of
ilustration based on what is currently considered to be the most practical and
preferred embodiments, it 15 to be understood that such detail is solely for that
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purpose and that the invention is not Bmited to the disclosed embediments, but, on the
contrary, 18 intended o cover modifications and equivalent arrangements that are
within the spirit and scope of the appended claims. For example, i is to be
understood that the present invention contemplates that, to the extent possible, one or
more features of any embodiment can be combined with one or more features of any

other embodiment,
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‘What is claimed is:

i A load cell apparatus, comprising:

a housing having a top portion and a bottom portion;

a foad cell device held by the botiom portion of the housing, the load cell
device being structured to penerate a signal having a magnitude that i3 proportional to
a first force being applied to the load cell device; and

a button member coupled to the top portion of the housing and being
moveable relative to the botlom portion of the housing m a manner wherein the utton
memnber 15 structured 1o engage the load cell device and apply the first force to the
load cell device in response to a second force being apphied to the top portion of the

housing.

2 The load cell apparatus according to clain 1, further comprising a flexible
member provided between the top portion of the housing and the bottom portion of
the housing, wherein the button member is held by the flexible member and

positioned between the flexible member and the load cell device.

3. The load cell apparatus according to claim 2, wherein the button member
includes a central member, a first member extending from a first surface of the central
member and a second member extending from a second surface of the central member
opposite the first surface, wherein the first member 1s received and held by the
flexible member and wherein the second member is structured to engage the load cell

device.

4, The load cell apparatos according to claim 3, wherein the second member
holds a ball member structured to contact the load cell device to enable the second

member 1o engage the load cell device through the ball member.

S. The load cell apparatus according o claim 3, wherein the flexible member

has a central aperture and wherein the first member is recetved the central aperture.

D
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6. The load cell apparatus according to claim 1, wherein the load cell device
mcludes a cantilever prece and a muber of stramn ganges conpled to the cantifever

plece.

7. The foad cell apparatus according to claim 6, wherein the cantilever piece
includes an outer frame member having a cantilever member extending therefrom,
wherein the number of strain gauges are provided at a first end of the cantilever
member and wherein the second end of the cantilever member i3 structured to be

contacted by the button member.

8. The load cell apparatus according to claim 6, further comprising a printed
circuit board held by the bottom portion of the housing, wherein the number of strain
gauges are coupled to the printed circnit board.

9. The load cell apparatus according to claim 2, wherein the flexible member

18 a rubber diaphragm.

10, The load cell apparatus according to claim 2, wherein the bottom portion
of the housing comprises & bottom case member, wherein the top portion of the
housing comprises a top case member, wherein the top case member 1s coupled to the
bottom case member with the flexible member being held between the top case

member and the bottom case member.

11, The load cell apparatus according to claim 10, wherein a fop sorface of the
top case member includes a concave portion which receives and holds a second

flexible member.

12, The load cell apparatus according to claim 11, wheremn the second flexible

meptber is g rubber disk.

13, The load cell apparatus according to claim 10, wherein the flexible

member is a disk shaped member having an outer edge, wherein the outer edge is
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securad 10 an outer edge of the bottom case member and an outer edye of the top case

member.

14, The load cell apparatus according to claim 13, further comprising a ring

member provided between the top case member and the flexible member.

IS, The load cell apparatus according to claum 7, wherein the number of stram
ganges comprises a number of first strain gauges provided on a first side of the first
end of the cantilever meraber and a namber of second strain gauges provided on a
second side of the first end of the cantilever member opposite the first side of the first

engd of the cantilever member,

6. The load cell apparatus according to claim 5, wherein the flexible member
and the button member are disk shaped members, and wherein the first member and

the second member of the batton wember are cyvlindrical.

17.  The load cell apparatus according to claim 16, wherein the bottom portion
of the housing comprises a bottom case member, wherem the top portion of the
housing comprises a top case member having a receiving recess provided on a bottom
surface thereof, wherein the top case member is coupled to the bottom case member
with the flexible member being held between the top case member and the bottom
case member and with the first member of the button member being received within

the receiving recess.

18, The load cell apparatus according 1o elaim 1, further comprising a plurality
of pin members extending from a bottom surface of the top portion of the housing,
wherein the button member is held by the top portion of the housing, wherein the
botiom portion of the housing includes a plurality of channel members spaced about a
periphery thereof that are sach structured to receive and movably hold therein a
respective pne of the pin members m a manper which allows for movement of the top

portion of the housing relative to the bottom portion of the housing.

)
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19 The load cell apparatus according to claim 18, wherein each of the channel
members is structored to restrict movement of the pin member received therein in

directions transverse to a longitudinal axis of the pm member.

20 The foad cell apparatus according to clamm 18, wheremn each of the channel

members is g linear bushing member.

21, The load cell apparatus according to claim 18, wherem each of the channel

members is a flexible diaphragm member.

22, Thelpad cell apparatus according to claum 1, wherein the button membey
is held by the top portion of the housing, wheremn the top portion of the housing
inchiudes an outer flange member stractured to engage an outer wall of the bottom
portion of the housing n a manner which allows for movement of the top portion of

the housing relative to the bottom portion of the housing.

23, A system for determining g risk that a patient may develop pressure sores

for use with a bed having a plurality of legs, comprising:

a plurality of load cell apparatuses, each load cell apparatus being
structured to be provided beneath a respective one of the legs, wheremn each load cell
apparatus is structured 1o generate a signal that is proportional to a wetght on the one
of the legs; and

a processing apparatus coupled to each of the load cell apparatuses, the
processing apparatus being structured to (1) receive the signal generated by each of
the load cell apparatuses, {11} determine peniods of quiescence based on the recetved
signals, and (111} determine a risk factor for pressure sores based on the periods of

quigscence.

24, Asystem for predicting an out-of-bed fall occurrence for nse with a bed
having a plurality of legs, comprising:
a plurality of load cell apparatuses, each Ioad cell apparatus

hemg structured to be provided beneath a réspective one of the legs, wherein each
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{oad cell apparatus is structured o generate a signal that is proportional to a weight on
the one of the legs; and

a processing apparatus coupled to each of the oad cell apparatuses, the
processing apparatus being structured to; (1) receive the signal generated by each of
the load cell apparatuses, {11} monitor a weight distribution on the legs based on the
received signals, and (i) determine that g fall is imminent based on the monitored

weight distribution.

23, Asystem for determining which of a first user and a second wer are ina

bed having a plurality of legs, comprising:

a plurality of load cell apparatuses, each load cell apparatus being
structured to be provided beneath a respective one of the legs, wherein each load cell
apparatus is structured to generate a signal that is proportional to a weight on the one
of the legs; and

a processing apparatus coupled o each of the load cell apparatuses, the
processing apparatus being structured to: (1) receive the signal generated by each of
the load cell apparatuses, and (i1} determine one of the following conditions based on
the received signals: (1) none of the first user and the second user are in the bed, (2)
only the first user s in the bed, (3) only the second user 15 in the bed, or (4} both the

first user and the second user are in the bed.

26, The system according © claim 23, wherein the processing apparaus is
farther structured to deteymine a weight of the first user and a weight of the second

nser based on the determined condition and the received sigmals.

27, The system according to claim 26, wherein the processing apparatus
emplovs a machine learning alponithm to establish the determined condition, wherein
the machine learning algorithm is previcusly wained using the recetved signals
generated when only the frst user is supported by the bed and the received signals

generated when only the second user 13 supported by the bed.
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28 A monitoring system for use with a bed having a plurality of le

comprising:
a plurality of bed monttors, wherein each bed monitor includes:

a plurality of load cell apparatuses, cach load cell apparatus being
structured to be provided beneath a respective one of the legs, wheremn each load cell
apparatus is structured 1o generate a signal that is proportional to a weight on the one
of the legs; and

a processing apparatus coupled 1o each of the load cell apparatuses,
the processing apparatus being structured to: (1) receive the signal generated by cach
of the load cell apparatuses, (11} deternnine periods of quiescence based on the
received signals, (it} determine a risk factor for pressure sores based on the periods of
quiescence, (iv} transmit the risk factor to at least one remote computing device, (v}
monitor 8 weight distribation on the legs based on the received signals, {vi) determine
that a fall i1s imminent based on the monitored weight distribution, {(vii} generate a fall
alarm in response to determining that a fall is imminent, and {viit) transmit the risk

factor to the at least one remote computing device.

29, The system according to claim 28, further comprising a real time clock for

timie stamping collected data.

30, A monitoring system for use with a bed baving & plurality of tegs,
comprising:

a plurality of load cell apparatuses each according to elaim 1, each load
cell apparatus being stractured to be provided beneath a respective one of the legs;
and

a processing apparatus coupled to each of the load cell apparatuses, the
processing apparatus being structured too (i) receive the signal generated by each of
the load cell apparatuses, (i) generate a second sipnal based on the sipnal generated
by each of the load cell apparatuses, and (111) cause the second signal to be
communicated 10 a remote computer system having a remote database associated

therewith,

D
frsg
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31, Themonttormg system according to claim 30, wherein the remote
computer systeny i3 further structured to momntior a weight of & user based on the

received second signals,

32, The monitoring system according to claim 30, wherein the processing

apparatus is part of a control unit separate from each of the load cell apparatuses.

33, The monitoring sysiem according to claim 30, wherein the load cell
apparatuses include a master load cell apparatus and a number of slave load cell
apparatuses, wherein the processing apparatus 15 part of the master load cell
apparatus, wherein each slave load cell apparatus is structured to communicate the

signal generated by the slave load cell apparatus to the master load cell apparatus.
34, The monitoring system according to claim 33, wherein each slave load cell
apparatus includes energy harvesting circuitry for generating power for the slave load

cell apparatus.

35, The monitoring system according to claim 34, wherein each energy

harvesting circuitry comprises a piezoelectric energy harvesting circut.

36, The monitoring system according to claim 34, wheremn cach energy

harvesting clrcuitry comprises an RF energy harvesting circuit.

37, The mon#oring systemn according to claim 30, further comprising the
remote computer system, wherein the remote computer system 18 structured 1o: (i)
receive a plurality of the second signals over time, (it) determine periods of
guiescence based on the received second signals, and (1i1) determine a risk factor for

pressure sores based on the periods of quiescence.

38 The monitoring svstem according to claim 30, huther comprising the
remote computer system, wheremn the remote compater system 18 structured to: {1)

recetve a plurality of the second signals over time, {11) montor a weight distribution

28
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on the legs based on the received second signals, and {iit) determune that a fall s

mminent based on the monitored weight distribution.

39, The monitoring system according to claim 30, huther comprising the
remote compater system, wherein the remote computer system 18 structured to: {1)
receive a plurality of the second signals over time, and (1) determine one of the
following conditions based on the received signals: (1} none of a first user and
second user are in the bed, (2) only the first user is in the bed, (3) only the second user

is i the bed, or {4} both the first user and the second user are in the bed.

40, The montoring system according to claim 38, wherem the remote
computer systeny i3 further structured o momttor a weight of the first userand a
weight of the second user based on the determined condition and the received second

signals.

41, The monitoring system according to clamm 30, wherein the remote
computer systeny s fcther structured 1o determine g measure of sleep quality of g nser

based on the recetved second signals.

T
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