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WEIGHT SCALE FOR A PATIENT LIFT SYSTEM, A CONTROL SYSTEM FOR THE
WEIGHT SCALE, AND A METHOD FOR WEIGHING A PATIENT SUPPORTED ON
THE WEIGHT SCALE

This disclosure clamms priotity to US application Serzal No. 13/488.963, filed on

June 5, 2012,
BACKGROUND

The subject matter disclosed herein relates generally to a weight scale for a patient
hift system and, more particularly, to a weight scale having a contrad svstem for accurately
weighing a patient using the weight scale.

Many conventional weight scales for patient hft syvstems mclude a patient shng
assembly m which the patient to be liffed 15 secured. In order to weigh the patient, the shing
assembly is suspended from a shing attachment bar and the patient is lified entively off of the
support surface, such as the hospital floor, while secured within the shing assembly. The
weight of the suspended patient can then be measured using a lift scale coupled to the sling

attachment bar.

SUMMARY

In one aspect, a weight scale for a patient Itft system mcludes a frame assembly. A

plurality of force sensors are coupled to the frame assembly. Fach force sensor of the

force. A foot rest panel is coupled to the frame assembly. The foot rest panel is configured
to support a patient. An angle sensor 1s operatively coupled to the frame assembly. The
angle sensor 18 configured to generate a signal ndicative of an angle of the frame assembly
with respect to a horizontal reference plane. A controller is coupled i signal
commumcation with each force sensor and the angle sensor. The controller inchuides one or
more processers configured fo receive signals from each force sensor and the angle sensor
to determine an actual weight force of the patient.

In another aspect, a control system for a patient iff system s provided. The patient

{ift systemn mchudes a frame assembly and a foot rest panel coupled to the frame assembly.
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The foot rest panel is configured to support a patient. The patient Lift system alse inchudes a
weight scale baving a pluralify of force sensaors coupled to the frame assenibly and an angle
sensor operatively conpled to the frame assembly. The control systent includes a controller
coupled 1o signal conmuntcation with each force sensor of a plurality of force sensors and
the angle sensor. The controller mcludes one or more processers configured to receive
signals from each force sensor and the angle sensor to deternune an actual weight force of
the patient and ouiput werght mformation mclading the actual weight force to a display.

In another aspect, a method for weighing a patient supported on a patient Iift system
1s provided. A controller meludes one or more processors operable io execute computer-
executable msiructions. The method meludes recetving, by the one or more processors,
force vector data from a pluralify of force sensors operatively coupled to a frame assembly
of the patient It systemy; recerving, by the one ot more processors, angle mformation from
an angle sensor operatively coupled to the frame assembly; compensating, by the one or
more processors, for the force vecior data based on the angle information; defermining, by
the one or more processors, an actual weight force of the patient; and displaying the actual
weight force of the patient on a displayv coupled i signal communication with the
controller.

In vet another aspect, a non-franstiory computer-readable medium includes
computer-exectitable mstructions stored thereon for execution by one or more processors to
perform a method for weighing a patient supported on a patient ift system weight scale.
The method mchudes recetving from a plurality of foree sensors force vector data; receiving,
from an angle sensor operatively coupled to a frame assembly of the patient Lift system,
mformation indicative of an angle of the frame assemibly with respect o a horizontal
reference plane; compensating for the force vector data based on the mformation; and
deternuning an actual weight force of the patient.

In vet another aspect, a weight scale for a patient hift system 1s provided. The patient
ift svstem inchudes a base frame and a foot rest panel coupled to the base frame. The foot
rest panel i1s configured to support a patient. The weight scale mcludes a phlurahity of force
sensors coupled to the base frame. Each force sensor of the plurality of force sensors is
confignred to generate a signal mdicative of a measwred weight force. An angle sensor 15
operatively coupled to the base frame. The angle sensor 15 configured fo generate a signal

mdicative of an angle of the base frame with respect to a horizontal reference plane. A
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confroller is coupled 1 signal communication with each force sensor and the angle sensor.
The contreller mcludes one ot more processers configured o recerve signals from each
force sensor and the angle sensor to determune an actual weight force of the patient.

This Summiary s provided fo infreduce a selection of concepis w a sumplified form
that are further described below in the Detailed Description. This Summary 13 not mtended
to identify key features or essential features of the claimed subject matter, nor is 1t mtended
to be used as an aid m defermining the scope of the claimed subject maiter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 13 a perspective view of an exemplary patient lift system;

FIG. 2 15 a perspective view of a base structure of the patienf hift system shown m
FIG. 1.

FIG. 2A 15 a perspective view of a portion of the base stimcture shown m FIG. 2;

FIG. 3 is an exploded perspective view of a portion of the frame assembly of the
patient 11t system shown mn FIG. 1,

FIG. 4 18 a perspective view of an exemplary load cell sutable for a weight scale of
the patient Lift system shown i FIG. 1;

FIG. 3 1s a perspective view of an exemplary castor support suitable for a weight
scale of the pattent Iift system shown m FIG. 1,

FIG. 6 1s a perspective view of an exemplary castor and cover suitable for a weight
scale of the patient 1ift system shown in FHG. 1;

FIG. 7 15 a sectional view of a portion of the frame assembly of the patient hf
svstem shown m FIG. 2A taken along sectional line 7-7;

FIG. 8§ 15 a schematic view of an exemplary control svstem suitable for a weight
scale of the patient 1iff system shown i FIG. 1;

FIG. 9 illustrates an angle of inclination of a base frame of the patient hft system
shown m FIG. 1 with respect to a horizontal reference plane;

FIG. 10 illustrates an exemplary method for calibrating an angle sensor of a weight
scale of the patient 1iff system shown 1 FIG. 1; and

FIG. 11 idlustrates an exemplary method for weighing a patient supported on the

patient lift system shown 1 FIG. 1.
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Correspondimg element reference numbers mdicate corresponding parts or elements
throughout the drawmgs,
DETAILED DESCRIPTION

The embodiments described herem relate to a weight scale for a patient hift system
configured o accurately determune an actual weight force, g, of a patient supported on the
wetght scale. In cone embodunent, a control system for the weight scale wmcludes a
controller having one or more processors that are configured to deternune a weight of the
pattent Lift svstem and the actual weight torce of the patient based on one or more of the
followimg: force vector data received from a plurality of force sensors operatively coupled
fo the frame assembly of the patient lift system, associated weighing factors for each of the
force sensors, a gravity factor determined based at least in part on a latitude and an altitude
at a destination location of the patient Lift system, a foot rest panel mounting offset with
respect to the frame assembly, and angle mnformation recerved from an angle sensor
operatively coupled to the frame assembly.

In the following description, the embodiments are described m relation to a patient
hft system utthized to 1ift, transport, and weigh a patient; however, the described patient hift
svstem 15 not limited to use with a patient but, rather, may be suitable for use m certam
embodiments with any user, such as a person or an animal, or an object.

FIG. 1 shows an exemplary embodiment of a patient hft system 20. Patient hift
svstenmy 20 melades a frame assembly 22, generally having a U-shaped base frame 24, A
foot rest panel 26, configured fo support a patient, s coupled to and supported by base
frame 24, and a post 28 exiends from frane assembly 22, As shown m FIG. 1, a knee
support 30 is coupled to a lower portion of post 28, In certam embodiments, a location of
knee support 30 with respect to post 28 is adjustable to accommeodate patients of varying
height, as well as adjustable in a direction towards or a direction away from post 28, A
swinging arm 32 1s coupled fo an upper portion of post 28, Swingmg arm 32 1s movable
upwards and downwards m a vertical plane. In certam embodmments, an electrie or
hvdraulic driving means 34 is operatively coupled to swinging arm 32 to facilifate
movement of swinging arm 32 into a desirable position. Opposing arms 36 and 38 extend

from opposing termunal or free ends of swinging arm 32. Arm 36 extends generally parallel
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with arm 3% with a suitable distance between arm 36 and arm 38 to accommodate a width of
the patient bemg lifted.

Referring further to FIG. 1, a hook 40 1s coupled to each anm 36 and 38. Hooks 49
are configured to refam a hffing sling or belt (not shown) suspended between arm 36 and
arm 38. During use. the belt 1s positioned around a torso of the patient to support the
patient. Such hfting shings or belts are well known 1n the art and will not be described
detail heremn. For examiple, when a patient 1s hifted from a sitting position in a chair, the belt
is posttioned about the patient’s body and a first strap 15 then coupled to a first hook 40 m a
suitable manner so that the first strap 1s strefched. A second strap is fasiened to the other
hook 40. Lifting bands are then coupled m the same way. Once it 15 confirmed that all
bands and straps are ssmilarly stretched, the lifting action 1s accomplished by the hifting
bands. With the straps coupled fo respective hooks 40, a tensiton in each strap will be
maintained duning the hifting operation.

Referring to FIGS 2-8, a weight scale 50 1s operatively coupled to patient Iift system
20. Weight scale 50 allows a caregiver to weigh a patient while the patient 1s standing on
and supported by foot rest panel 26 or base frame 24. A pluralify of force sensors 52 are
coupled to frame assembly 22, as shown in broken lines in FHG. 2. In one embodument,
each force sensor 52 meludes a load cell, such as shown i FIG. 4, and a castor support, as
shown m FIG. 3, operatively coupled to the load cell, as described m greater detail below.
In addition or alternatively, various force semsors can be used with weight scale 50
mehading, withont lumitation, mechanical or electrical scales such as stram gauges,
transducers, and springs. Each force sensor 52 is configured o generate a signal indicative
of a measured weight force as described herein.

An angle sensor 3, shown schematically in FIG. B, is operatively coupled to frame
assembly 22 and configired to generate a signal mdicative of an angle of base frame 24
with respect to a hornizontal reference plane 35 (shown schematically m FIG. 9). In one
embodiment, angle sensor 34 mcludes an accelerometer, such as a dual-axis accelerometer.
Weight scale 50 also mcludes a control system having a controller 36, such as a printed
ctreuit board, coupled m signal conumunication with each force sensor 532 and angle sensor
34, Controller 56 mcludes one or more processers 58 (shown in FIG. 8) configred to
recetve signals from and transmut signals to each force sensor 32 and angle sensor 54 to

facilitate deternunung the actual weight force or the actual weight of the patient. In cerfamn
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embodintents, controller 36 13 configured to calibrate force sensors 32 andfor angle sensor
34 to facilttate wcreasing the accuracy by which weight scale 530 defermines the actual
weight foree of the patient.

Refernmng to FIG. 3, frame assembly 22 mcludes base frame 24 baving a first leg 62
having a first end 64 and an opposing second emd 66. Fust leg 62 defines a first channel 68
between first end 64 and second end 66. A second leg 72 has a first end 74 and an opposing
second end 76. Second leg 72 defines a second channel 78 between furst end 74 and second
end 76, A cross-member 80 13 coupled between first leg 62 and second leg 72. In one
embodiment, foot rest panel 26 is coupled fo base frame 24 at cross-member 80, Frame
assembly 22 also mcludes a first castor support link 82 positioned withm first channel 68.
First castor support link 82 has a first end 84 that defines a furst slot 86 and an opposing
second end &KX that defines a second slot 90, Smularly, a second castor support hink 92 i
positioned within second channel 78, Second castor support hink 92 has a fivst end 94 that
defines a third slot 96 and an opposing second end 98 that defines a fourth slot 100,

Refernng further to FIGS. 4-8, m one embodiment, a plurality of force sensors,
similar to force sensor 32, are coupled to frame assembly 22. In this embodiment, a first
force sensor 102 1s coupled to fust end 64 of fust leg 62 and first end &4 of first castor
support link 82, and a second force sensor 104 138 coupled fo second end 66 of first leg 62
and second end 86 of first castor support link &2, Smnarly, a third force sensor 106
coupled to first end 74 of second leg 72 and furst end 94 of second castor support link 92,
and a fourth foree sensor 108 1s coupled to second end 76 of second leg 72 and second end
98 of second castor support hink 92, Each of first force sensor 102, second force sensor 104,
third force sensor 106, and fourth force sensor 108 mchudes a load cell 110, such as shown
i FIG. 4, coupled to the respective leg of base frame 24 and a cooperating castor support
112, such as shown wm FIG. 5, operatively coupled 1o load cell 110, as described 1o greater
detail below.

In ene embodiment, as shown m FIG. 7, for example, lcad cell 110 mcludes a block
116 received within first channel 68 of first leg 62 of base frame 24 and positioned within
first slot 86 formed at first end 84 of first castor support link 82 positioned within channel
68. Load cell 1190 is coupled to first leg 62 at first end 64 using one or more smfable
fasteners, such as bolts 118, A stud 120 mcludes a hex put portion 122, a threaded portion

124 on one side of hex nut portion 122, and a evhndrical portion or pin 126 on the other
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side of hex nut portion 122, Threaded portion 124 is threaded mto an aperture 128 defined
within block 116 untidl hex nut portion 122 abuts block 116 and pmn 126 extends
{ongitudimally away from block 116, Castor support 112, as shown m FIG. 3, is recetved
within channel 68 and coupled fo first end 84 of first castor support hink 82 and fo fust leg
&2 using one or more suitable fasteners, such as bolts 130, Castor support 112 defines a
bore 132 which receives pin 126 with castor support 112 coupled to first leg 62 and first
castor support hnk 82.

Stram gauges {not shown) are inclided m each force sensor and are coupled to
respective load cell 110, The siram gauges operate to provide an mdication of the load
detected by the force sensor. A known voltage is apphied to input leads {not shown)
coupled to the stain gauges and, as pin 126 deflects due to the application of a lead, a
resistance m the stram gauge changes resulting m a change m an output signal generated on
output leads {(not shown) coupled to the stram gauges. In one embodiment, the mput lead
and the output lead are bundled together w1 a cable 134, shown i FIG. 7, that 1s routed
between each force sensor 142, 104, 106, 108 and controller 36, which mclides signal
condittioning circuttry. More specifically, when a patient steps onto foot rest panel 26,
becanse base frame 24 is a floating frame the applied load will urge load ¢ell 110 downward
and load cell 110 will move seo that pin 126 posittoned within bore 132 will tend to bend.
As pmm 126 bends, a signal 1s generated by load cell 1190 to indicate that a load force has
been detected by the respective force sensor and the signal, mecluding force vector data as
described herein, 1s transnutted through cable 134 to controller 36 for processing.

A suitable castor 136, as shown i FIG. 6. 15 coupled to castor support 112, Ina
certam embodiment, a cover 138 is positionable about at least a portion of castor 136 to
prevent or hmit debris, such as dirt or dust. from attaching to the one or more rotatable
castor wheels 140, In this embodiment, second force sensor 104 is coupled to second end
66 of first leg 62 and second end 88 of first castor support link 82, third force sensor 106 1s
coupled first end 74 of second leg 72 and first end 94 of second castor support link 92, and
fourth force sensor 108 1s coupled to second end 76 of second leg 72 and second end 9% of
second castor support link 92, Each of second foree sensor 104, third force sensor 106, and
fourth force sensor 108 are simtlarly constructed as first force sensor 102 and coupled to
respective portions or corners of frame assembly 22, and, as such, their assemblies are not

described m detat] herein.
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Each force sensor 102, 104, 106, 108 15 configured to output miormation mchading,
without limitation, force vector data of a measured weight force to controller 56 mdicative
of a portion of the weight of the patient measured by each force sensor 102, 104, 106, and
108, Coniroller S6 utilizing one or more processors 38 15 configured to generafe weight
mformation mcliding an actual weight force based at least i part on foree vector data
received from force sensors 102, 104, 106, and 108, In one embodiment, confroller 56
utilizing one or more processors 38 15 configured fo compensate for the force vector data
recetved from force sensors 102, 104, 166, and 108 based on an angle information output,
meluding an angle of base frame 24 with respect to horizontal reference plane 55, recerved
from angle sensor 34 to generate the actual weight force.

More specifically, 1puts from angle sensor 54 and force sensors 102, 104, 106, 108
are received by processor 58, An output from processor 38 pgenerates weight output
mformation. Angle sensor 54 measures the mclination angle of base frame 24 and outputs a
signal corresponding to the angle to processor 58. Weight scale 50 measures the weight of
patient kft system 20 and the patient and outpufs a corresponding signal to processor 38
Processor S8 uses mput signals from angle sensor 54 and each force sensor 102, 104, 106,
108 to compensate for error mtrodnced 1 the weight scale reading when base frame 24 15
melined at an angle as described herein. Processor 38 outputs the corrected patient weight
to a suitable display.

As shown tn FIG. §, a control system 160 for controlling operation of patient hft
system 20 mchudes controller 56 m operational control communication with weight scale
30. As described above, controller 56 1s coupled m signal communication with each force
sensor 102, 104, 106, and 108 and angle sensor 54, Confroller 56 mcludes one or more
processers 38 configured to receive analog signals from each force sensor 102, 164, 106,
and 108 and angle sensor, convert the analog signals to digital signals, and fransnut the
digital signals fo a central processing unit (CPU} of controller 56 for processing the digial
data to factlitaie deternumung an actaal weight force of the patient and output weight
mformation inchiding the actual weight force to a patient mput device 162 coupled m signal
comnmnication with controller 56.

Patient input device 162 mchides a display 163 configined fo display information
recetved by patient mput device 162 from controlier 56 andfor one or more processors 58

In one embodiment, pattent mput device 162 1s configured to recerve, from the user {e.g.,
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the manufacturer, a caregiver, or a patient), a selection of content to be stored on control
svstem 160, and may nclnde one or more of the following: display 163, a touch screen, a
speaker, and a user input selection device. The user may select a font type, font coloy, font
size, and volunie, as well as what potifications, messages, programs, applications. and data
to present and be available to the user on patient mput device 162,

Load cells 1190 associated with each force sensor 102, 104, 106, and 108 generate
separate analog signals that are npuf to a printed cironit board 164. More specifically,
electrical signals continnously generated by each force sensor 102, 104, 106, and 108 are
fransnutted to and received by a multiplexer 166 mclnding an analog-to-digital (A/D)
converter 168. In one embodiment, one or more amplifiers {not shown) couple each force
sensor 102, 104, 106, and 108 fo A/D converter 168, At A/D converter 168, the analog
signals received from force sensors 102, 104, 106, and 10¥ are converted to respective
digital signals or ADC values and transmifted to a computer or CPU, such as an ARM
Cortex-M processor, shown generally at 170 using a serial mterface commumication
protocol, such as a serial peripheral mterface bus (SPIY, or other smtable communication
protocol, for processing.

CPU 170 1s connected to various accessories nchudmg, without hnutation, memory
areas, such as an EEPROM 172 configured to store calibration data mcluding resulis of
various calibrations to weight scale 50. In one embodiment, EEPROM 172 is coupled in
serial miterface conmumunication with CPU 170, such as by a serial peripheral uderface bus
(SPI} or an inter-nytegrated cirenit wnterface {(I2C) protocol. A jomt fest action group
(JTAG) 174 utilized to debug the controller mstructions and downlead mstractions to CPU
170, a piezo driver 176, and a LED mdicator 178 are also coupled m senal interface
comnmmnication with CPU 170, such as by SPI or 12C protocol. An input device 180, such
as a kevboard, 15 used fo mput calibration information. Patient mwput device 162 and display
163 provide a visual display of data and mstructions for mputting calibration data.

Although CPU 170 and processors 38 are shown separate from the memory area
mcluding EEPROM 172, embodiments of the disclosure contemplate that the memory area
may be onboard CPU 170 andfor processors 38 such as i some embedded svstems.
Further, patient mput device 162 and display 163 provide presentation capabilities related
to, for example, text, mages, audio, video, graphics, alerts, and the hke Patient mput

device 162 and display 163 present mformation ranging from low-resolufion fo high-
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resolution multimedia related not only to operation and functionality of patient lift system
20 and weight scale 30, bui alse fo a conneclivity stafus and functionality related {o other
electronie components of patient hft system 20, Data connectivity capabilifies of conirel
system. 160 allow for an exchange of data between these conponents. Additionally, the
data connection capability allows control system 160 to be connected to other sources of
data and media such as a laptop, a desktop, a Motion Pictures Experts Group-1 Aundio Laver
3 {(MP3) player, a Motion Pictures Experts Group-4 Part 14 {MP4) plaver, gaming systens,
or other media storage devices.

FIG. 8 15 merely dlusirative of an exemplary control svstem 160 that can be nsed m
connection with one or more embodiments of the disclosure, and 1s not mtended to be
hnuting in any way. Further, peripherals or components of control system 160 known m
the art mayv not be shown, but are operable with aspects of the disclosnre. For example, a
speaker, a printing component, and the like are contemplated.

The memory areas or other computer-readable media, store computer-execuiable
components. For example, the memory areas store computer-executable components for
receiving data from the user, controlling patient lift system 20 and weight scale 50 based on
the received data, and transnutting messages and/or notifications between controller 56 and
patient mput device 162,

In one embodiment, force sensors 102, 104, 106, 108 and/or angle sensor 54 are
calibrated fo facilitate accurately measurmg an acifual weight force g, that 1s, an actual
weight of the patient, when an angle of inclination of base frame 24 1s non-horizontal.

When a patient {not shown m FIG. 1) rests hus or her feet on foot rest panel 26, the
patient’s mass 1s acceleraied by gravily to produce a weight force g directed 1n a vertical,
downward direction. Referrmg to FIG. 9, when foot rest panel 26 and base frame 24 are
aligned 1 a non-parallel or non-horizontal orientation relative to hortzomial reference plane
33, as set during mifial calibration of weight scale 30, the weight force g1s conceivable as a
sum of component vector forces mcluding a force vector Fy perpendicular to base frame 24
and a second force vector Fx parallel to base frame 24. Tt should be appreciated. then, that
force vector Fy has a furst magntfude divected at a force angle o relative to the direction of
the weight force g and foree vector Fx has a second magnitude that 13 diected perpendicnlar
to the direction of force vector Fy. To this end, it should be readily appreciated that force

angle « 1s a complement of the angle between vertical and a plane of base frame 24.
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Force sensors, such as load cells, typically measwe only forces which are applied
perpendicilarly to base frame 24, such as force vector Fy, Therefore, when a load cell or
any other suitable force sensor ¥ positioned to measure and indicate the force vector Fy as
the weight of the patieni, the measured weight of the patient 1s maccurate when base frame
24 1s m a non-horizontal position because the weight force g is not perpendicular to the

force sensor. However, FIG. ¢ shows that:

sin i = Fy'y {Eq. 1]
and

cos ¢ =Fyg [Eq. 2]
Therefore,

a = A sin(Fy/g). {Eq. 3]

Further, from FIG. 9, it follows that:
g=F,/cosa [Eg. 4]

As a result, a measurenment of the force angle o (and a determunation of the sme of
the force angle o) 1s used to compensate for a measurement of the force Fx, for example, m
order to arrive at an actual weight force g, that 15, an actual weight of the patient, when an
angle of mclination of base frame 24 is non-horizontal.

As described heremn, one or more angle sensors 54 are operatively coupled fo base
frame 24 to measure and output a signal indicative of the angle of base frame 24 with
respect to horizontal reference plane 35 In one embodiment, angle sensor 34 mchudes an
accelerometer, such as a dual-axis accelerometer, although other angles sensors may be
used. In one embodiment, angle sensor 34 15 mounted to prited circwit board 164 of
controller 56, which is parallel to an X-Y swriace of angle sensor 34, Further, printed
ctreuit board 164 1s 1nstalled on patient it system 20 such that printed curcust board 164 1s
paraliel to base frame 24, As a result, the angle v as detected by angle sensor 54 1s equal to
an angle of mclination of base frame 24, e.g., the angle of base frame 24 with respect to
horizontal reference plane 55 about a transverse axis. As described below, controller 56

uses output signals from angle sensor 34 to compensate for weighing errors created when
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hase frame 24 15 aligned at a non-horizontal angle with respect to horizontal reference plane

LA
L]

Further, referring to FIG. 10, one or more processors 38 of controller 36 are
configured to calibrate angle sensor 34 based on a defenmination of a pluralify of calibration
factors, mchudimg an X direction ADC value per g (NADCperg), an X direction ADC value
when g 1s zero {(XADCat0g), a Y direction ADC value per g (YADCperg}, and a Y direction
ADC value when g 15 zero {(YADCat0g), as transnutted by A/D converter 168 fo CPU 170,
When o 15 0 degrees, Fx = 0 g, and no force 1s detected. This reading represents € g force.
When ¢ is 90 degrees, Fx =+1 g. This reading represents a Maxinmn Reading. When « 18
270 degrees, Fx =-1 g This reading represents a Minimwnm Reading.

During calibration of angle sensor 54, printed circust board 164 15 rotated within the
X-Y plane between an angle of 0° and 360°. At one pomnt during the rotation, angle sensor
54 experiences a maxunum value (Maximum Reading), that 1s {g * k}, and at a second point
during the rotafion angle sensor 54 experiences a mmunum vahie (Mmimum Reading), that

is {-g * k), resulting 1n the following equations:

Maximum Reading=g *k + b, [Eg. 5]
and
Mmmum Reading=-g *k +b, [Eg. 6]

wherein k = ADC/s {ADCperg) and b = ADC value or reading when the force experienced

on force sensor 54 15 zero, that 1s the ADC value or reading at zero g pomt (ADCat0g).

From detection of the Maxmmim Reading and the Minimum Reading, ADCperg and
ADCat0Og can be calculated as follows:
k = (Maxtmum Reading — Minimum Reading)2¢ = {({(Maximmm Reading —

Mmimum Reading)/2)/eg = ADCperg [Eq. 7}
and

b = (Maximum Readmg + Minimum Reading)/2 = ADCat0g. [Eg. 8}

&
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Assuming that a cinrent Reading is ADC Reading, the angle ¢ of mnclination of base
frame 24, e.g., the angle of base frame 24 with respect to hortzontal reference plane 35
about a transverse axis, 15 as follows:

o= asu{ {ADC Reading — XADCatOg )y XADCperg)* 180/n. [Eq. 9}

In one embodnnent, the angle of base frame 24 with respect {o horizontal reference
plane 35 i< based on X and Y direction ADC values and the plurality of calibration factors.
Once a mounting offset of foot rest panel 26 with respect to base frame 24 15 determmed,
and the force vector data received from each force sensor 102, 104, 106, and 108 is
compensated for, an actal weight force of the patient, g, can be determined.

In one embodiment, contreller 56 15 configured {o receive an altitude value and a
latitnde value mmputted by the patient using patient input device 162 coupled in signal
comnmnication with controller 56. Patient mput device 162 is configured to display on
displav 163 mformation including, without himttation, a system status, weight mformation,
foot rest panel angle mformation. Patient input device 162 1s also configured to recetve
patient mstructions utihizing a graphical user mterface or display 163, for example.

More specifically, a local or factory gravity constant (G Loc) and a shipment
destination gravity constant {G_Dest) can be retrieved from memory EEPROM 172 of
controller 36 based on the altitude value and the latitude value mputied by the patient using
patient mput device 162. Typically, patient hifi system 20 i calibrated af the faciory
without knowledge of the shipment destination. However, with 8 manufacturing location
alfitude value {Local Alty and a manufacturmg location latifude value {Local Laf) and a
shipment destination altimde value (Dest Al) and a shipment destination lafitude value
{Dest Lat), a gravity factor (G Factor) can be calculated as follows:

G Loc=9.7803 18* (1 H0.0053024%(suy(Loc_ Lat*3.1415927/180y sin(Loc Lat®3 14

15927/180))-

{0.0000058%{sin{2*Loc_Lat*3 1415927/180Y*sin{2¥Loc_Lat*3.1415927/1801)))-

{0.000003085%Loc_AlY), [Eq. 10}

G Dest=9.780318%(1+(0.0053024%sin{Dest Lat®*3 . 1413927/1R80)Y simn{Dest Lat¥3.
1415927/180)))-

{0.0000058% (2% Drest Lat™3 14153927/180y sind{ 2% Dest Lat™3.1415927/18011)-
(0.000003085%Dest_Alf), [Eg. 11}
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and
G Factor=G_Loc/G Dest. {Eg. 12}

From Equations {Eq. 10} [Eq. 12], an actual weight of the patient at the destination
{ActualWeight Dest) can be calculated as follow:

ActualWeight Dest=Weight at Destination™G Factor. [Eq. 13}

In one embodiment, one or more processors S8 are further configured to determine
the angle of foot rest panel 26 with respect to frame assembly 22 based on X and Y
direction ADC vahies and the plurality of calibration factors, determine a mounting offset of
foot rest panel 26, and compensate for force vector data recetved from each force sensor
102, 104, 106, and 108 to determine an actual weight force of the patient.

In one embodiment, a method 200 for weighing a patient supported on patient fift
system 20 using weight scale 50 1s tlustrated m FIG. 11, When patient hift system s fust
mstalled, weight scale 30 1x calibrated and control system 160 15 mittalized 202. In this
embodiment, weight scale 50 1s calibrated as follows.

A tfotal weight equals the sum of the weights read by the fowr force sensors. The
basic equation for each force sensor 1s:

il = glil(e-li]) [Eq. 14]

where v = patient weight, x = the A/D converter output, gii] and A{#] are constants, x 15 a
sensed value proportional to the total weight sensed by the load cell, #{7] 15 the sensed value
corresponding to the weight of the patient Iift system without a patient, and g[#] 1s a constant

to convert the digital signal into a weight unt of measure, such as pounds.

Inifially, then, four equations are formed by removing all patient loading. The fow

equations are:

0 =gl 1[0, 1}-4[1]) [Eq. 15]
0 = gl2Jx0, 2}-4[2]) [Eq. 16]
0= g 3}x[0, 3}-4[3]) [Eq. 17]

0 = gf4)(x[0, 4}-4[4]) [Eq. 18]
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[0001] These equations reduce to:
B 11=x{D, 1} [Eqg. 19]
H21=x{b, 2} [Eq. 201
2{31=x{D, 3} [Eqg. 21}
24 =x{0, 4] [Eg. 22

With a standard weight applied to the four locations, four more equations are
derived based on the equation for total sensed loading {patient) weight;

»= (1] ¥{2] + 53]+ 4] [Eq. 23]

[0002] The fowr resulting equations are:

=X gl:f 1. 14D [Eq. 24]
=X glil:f2. 14D [Eq. 25]
=X glil:f3. 14D [Eq. 26]
»=X. glilxf4. 14D [Eq. 27]

where x{j, /] forj, i=1, 2, 3, 4 are the respective A/D converter readings or ADC values and
v 18 the standard weight. Using a standard Gauss-Jordan or other appropriate elnmination
method, Equations [19}-{22] and [24]-{27] are solved to obtain values for g1}, 2], ¢[3].

el4]. #[1]. BI21, #[3]. and Af4].

When the patient 1s mitially put on patient hift system 20, the patient’s weight 1s
measured and set equal to v, Thereafter, the dynanuc weight of the patient, v, is measured.

Referring further to FIG. 11, afier system start up and control system uutialization
202, one or more processors 38 recetve 204 force vector data from force sensors 162, 104,
106, 108 operatively coupled to frame assembly 22 of patient Lift system 20. Further, one or
more processors 38 recerve 206 angle mformation from angle sensor 34 operatively coupled
to frame assembly 22. As the patient is weighed 206, one or mwre processors 58

compensate for the force vector data based on the angle mformation to defermine an actual
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weight force of the patient. The actual weight force of the patient 1s displaved 208 on
display 163 of patient input device 162 coupled m signal communication with coufroller 56

I one embodiment, weight scale 50 may be calibrated 210, mclnding calibration of
force sensors 102, 104, 106, 108 before the patient 15 weighed. I weight scale 50 was
recently calibrated 212, the patient 1s weighed 206. If weight scale 50 has not been recently
calibrated 214, weight scale 30 is calibrated 216, as described above, using force vector data
received by one or more processors 38 from each force sensor 102, 104, 106, 108 andior
suitable calibration factors recetved 218 by one or more processors 38 from EEPROM 172,

Additionally, angle sensor 54 may be calibraied 220 before the patient 15 weighed.
If angle sensor 54 was recently calibrated 222, an angle of base frame 24 with respect to
horizontal reference plane 55 15 detected 224 by one or more processors 58 usmg data
recetved from angle sensor 34, and the patient 15 weighed 206. H angle sensor 54 has not
been recently calibrated 224, angle sensor 54 s calibrated 226, as described above, using
angle data or mformation recerved by one or more processors 58 from angle sensor 54
and/or suitable calibration factors received 228 by one or more processors 58 from
EEPROM 172 to detect the angle of base frame 24 with respect fo horizontal reference
plane 35

In one embodiment, information 1s received 230 by one or mwore processors S8 to
facihitate accurately deternuning an actual weight force of the patient. For example,
miormation mpuited 232 by the patient nto patient nput device 162 1s received by one or
more processors 38 and utihized to calibrate weight scale 50, In one embodinent, the
patient or caregrver wputs 234 mformation including a shipment destination altitude value
{Dest_Alt) and a shipment destination latitide value {Dest Lat) to facitiate determining a
gravity factor (G Factor) to facilitate accurately determuming an actual weight force of the
patient 28 when weightng 206 the patient.

In one embodment, weight scale 53¢ meludes a non-transitory computer-readable
medimn having computer-executfable msiructions stored thereon for execution by oue or
more processors to perform the method for weighing a patient supported on a patient hift
svstem weight scale.

The described system and methods are not limited to the specific embodiments
described herem. In additton, components of each system andfor steps of each method may

be praciiced mdependent and separate from other compounents and method steps,
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respectively, described heremn.  Each component and method also can be used m
combination with other svstems and methods.

By way of examiple and not limitation, an exemplary operating environment includes
cornputer readable media mcluding compuier siorage media and communication media.
Computer storage media store mformation such as computer readable mstructions, data
structures, program modules or other data. Communication media typically embody
computer readable mstructions, data structures, program modules, or other data in a
modulated data signal such as a carrier wave or other transport mechanism and mclude any
mformation delivery media. Combinations of any of the above are also mcluded withun the
scope of computer readable media.

Although described m connection with an exemplary computing svstem
environment, embodmzents of the disclosure are operational with numerous other general
purpose or spectal purpose computing sysiemn environments or configurations. Examples of
well-known computing systems, enviromments, and/or configurations that may be suitable
for use with aspects of the disclosure include, but are not hnuted to. molile computing
devices, personal computers, server computers, band-held or laptop devices, multiprocessor
systems, gaming consoles, microprocessor-based systems, set top boxes, programmmable
consummer electronics, mobile felephones, nefwork PCs, nunicomputers, mainframe
computers, distributed computing environments that mchide any of the above systems or
devices, and the like.

Embodiments of the disclosure mav be described i the general context of computer-
execntable mstructions, such as program modules, executed by one or more computers or
other devices. The computer-executable mstructions may be organized mifo one or more
computer-exectitable components or modules. Generally, program modules include, but are
not limtted to, routines, programs, objects, components, and data structures that perform
particular tasks or implement particnlar abstract data types. Aspects of the disclosure may
be maplemented with any number and orgamization of such components or modules. For
example, aspects of the disclosure are not lmmted to the specific computer-executable
mstructions or the specific components or modules tllusirated tn the figiwes and described
herein. Other embodunents of the disclosure may include different computer-executable
mstructions or components having more or less functionality than dlustrated and described

herein.
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Aspects of the disclosure transform a general-purpose computer mfo a special-
purpose computing device when configured to execute the mstractions described herem

The order of execution or performance of the operations m embodiments of the
disclosure illustrated and described herewn 15 not essential, unless otherwise specified. That
s, the operapions imay be performed i any order, unless otherwise specified, and
embodiments of the disclosure may mclude additional or fewer operations than those
disclosed herein. For example, it 1s conternplaied that executing or performing a particnlar
operation before, contemporaneously with, or after another operation 13 within the scope of
aspects of the disclosure.

When mtroducing elements of aspects of the disclosuwre or the embodiments thereof,
the arficles “a.” “an.” “the.” and “said” are mfended to mean that there are one or more of

£

the elements. The terms “comprising,™ “incladmg,” and “having™ are intended to be
melusive and mean that there may be additional elements other than the histed elements.
Having described aspects of the disclosure mn detail, 1t will be apparent that
modifications and variations are possible without departing from the scope of aspects of the
disclosure as defined mn the appended clamms. As various changes could be made m the
above constructions, products, and methods without departing from the scope of aspects of
the disclosure, 1t 1s imniended that all maiter contamed 1n the above description and shown m

the accompanving drawings shall be mterpreted as illustrative and not in a hnufing sense.
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WHAT IS CLAIMED IS:
1. A weight scale for a patient bift system, the weight scale comprising:
a frame assembly;

a phlurality of force sensors coupled to the frame assembly, each force sensor of the
plurality of force sensors configwred to generate a signal mdicative of a measured weight

force;

a foot rest panel coupled to the frame assembly, the feot rest panel configured to

support a patient;

an angle sensor operatively coupled to the frame assembly, the angle sensor
configured to geperate a signal mdicative of an angle of the frame assembly with respect to

a horizontal reference plane; and

a controlier coupled n signal communication with each force sensor and the angle
sensor, the controller comprising one or more processers configured io receive signals from

each force sensor and the angle sensor to defermine an actual weight torce of the patient.
2. The weight scale of clamm 1, further comprising:

a base frame of the frame assembly comprising a first leg having a first end and an
opposing second end, the first leg definng a first channel between the first end and the
second end and a second leg having a first end and an opposing second end, the second leg

defining a second channel between the first end and the second end of the second leg;

a first castor support hink posttzoned within the first channel, the first castor support
hnk having a first end defiung a first slot and an opposing second end defining a second

slot;

a fust force sensor of the plurality of force sensors positioned within the first slot

and coupled to the first leg at the first leg first end; and
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a second force sensor of the pharality of force sensors positioned within the second

slot and coupled {o the first leg af the first leg second end.

L4

. The weight scale of claim 2, wherein the first force sensor comprises:
a load cell, the load cell comprising a pin; and

a castor support coupled fo the first leg first end and the castor support link first end,
the castor support defining a bore configured fo receive the pm with the castor support

coupled to the first les.

4. The weight scale of claim 3, further comprising a castor coupled to the castor

support.
S. The weight scale of clamm 2, further comprising:

a second castor support link positioned withun the second channel, the second castor
support hink having a first end defining a third slot and an opposing second end defining a

fourth slot;

a third force sensor of the plurality of force sensors positioned within the third slot

and coupled to the second leg at the second leg first end; and

a fourth force sensor of the plurality of force sensors posiboned within the fourth

siot and coupled to the second leg at the second leg second end.

6. The weight scale of claim 1, wherein each force sensor s configured to ontput
force vector information including the measured weight force to the controller mdicative of

a portion of the actual weight force of the patient measured by each force sensor.

7. The weight scale of claim 6, wherein the comtreller is configured to generate
weight information including the actual weight force based at least in part on force vector

miormation received from each force sensor.
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8. The weight scale of claim 7, wherem the controller 15 configured to compensate
for the force vector mformation received from each force sensor based on an angle

information output received from the angle sensor to generate the actual weight force.

&. The weight scale of claim 1, huther comprising a patient mput device i signal
commurication with the controller, the patient mput device comprising a display configured

fo display information recerved from the controlier.

10, The weight scale of claim 1, wherein the controller 15 configured to cahibrate the

plurahity of force sensors.

11. The weight scale of claim 1, wheremn the controller 15 configured to calibrate the

angie SCIIB0T.

12. The weight scale of claim 1, wherein each force sensor comprises a load cell

and a castor support operatively coupled to the load cell.

13, The weight scale of claim 1, wherein the angle sensor comprises an

accelerometer.

14, A control system for a patient hift system comprising a frame assembly, a foot
rest panel coupled fo the frame assembly, the foot rest panel configured o support a patient,
and a weight scale comprising a phuality of force sensors coupled to the frame assembly
and an angle sensor operatively coupled fo the frame assembly, the confrol system

COmprising:

a controller coupled m signal communication with each force sensor of a plurality of
force sensors and the angle sensor, the controller comprising one or more processers
configured fo receive signals from each force sensor and the angle sensor to determine an
actual weight force of the patient and outpwt weight mformation meluding the actnal weight

force to a display.

15. The control system of clatm 14, wherein the one or more processors are further

confignred to recetve force vector data from each force sensor and calibrate the weight scale
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based on the received force vector data, wheremn the foree vector data includes an individual

weighing factor atintbuted {o a weight distribution of the patient Lft system,

L]

16. The control svsiem of claum 14, wherewnn the one or wore processors are

configured to apply a Gauss-Jordan elimination method fo calibrate the weight scale.

17. The conirol system of clanm 14, wherem the one or more processors are

configured to determne a foot rest panel mounting offset.

18, The control system of claim 14, wherein the one or more processors are
configured to determine a weight of the patient liff system and the actual weight force of the
patient based on one or more of the followmmg: force vector data recetved from each force
sensor, associated weighing factors for each force sensor, a gravity factor deternuned from a
fatitude and an altitnde at a destination location, a foot rest panel mounting offset, and angle

mformation recerved from the angle sensor.

19, The control system of claim 14, wheremn the one or more processors are
configured to receive directional data from the angle sensor to calibrate the angle sensor and

deternine an angle of the frame assembly with respect to a horizontal reference plane.

20. The control system of claim 14, wheremn the one or more processors are
configured to calibrate the angle sensor based on a deterounation of a plurality of
calibration factors meluding an X direction ADC value per g, an X direction ADC value

when g 1s zero, a Y dwection ADC value per g, and a Y direction ADC value when g 1s zero.

21. The control svstem of claim 20, wherem the one or more processors are further

configured fo:

determine the angle of the frame assembly with respect to the honizontal reference

plane based on the plurality of calibration factors;
defermine a mounting offset of the foot rest panel; and

compensate for force vector data received from each force sensor to determume an

actnal weight force of the patient.
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22, The control svstent of claim 14, wherein the one or more processors are further
configured to receive an alfitude value and a latiude value wputted by the patient using a

patient wput device coupled 1 signal conumuncation with the controller.

23, The contrel system of claun 22, wherein the patient input device comprises a
display configured to display mformation mcluding one or more of the following: a system

status, patient weight mformation, and foot rest panel angle information.

24, The control system of claum 22, wherem the patient mput device 18 configured

to receive patient instructions.

25, A method for weighing a patient supported on a patient hift system, the patient
hft svstem mcluding a condroller comprising one or more processors operable to execuie

compiter-executable instructions, said method comprising:

recerving, by the one or more processors, force vector data from a plurality of force

sensors operatively coupled to a frame assemibly of the patient Lift sysiem;

recetving, by the one or more processors, angle mformation from an angle seansor

operatively coupled to the frame assembly;

compensating, by the one or more processors, for the force vector data based on the

angle information;

determining, by the one or more processors, an actual weight force of the patient;

and

displaying the actual weight force of the patient on a display coupled m signal

comnnnication with the controlier.

26. The method of clanm 25, further comprismg calibrating, by the one or more

processors, the plurality of force sensors.

s 2ard

27. The method of clamm 23, further comprising calibrating, by the one or more

processors, the angle sensor.
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28. The method of claim 25, further comprising determining, by the one or more

processors, a local gravity constant.

28, The metheod of claum 23, further comprising mtializmg, by the one or more

processors, the controller.

30. The method of clamm 25, further comprising receiving, by the one or more
processors, information mput by the patient to facilitate determining an actual weight force

of the patient.

31, A noo-transitory computer-readable medium having computer-executable
mstructions stored thereon for execution by one or more processors to perform a method for

weighing a patient supported on a patient lift system weight scale, said method comprising:
recerving from a plurality of force sensors force vector data;

receiving, from an angle sensor operatively coupled to a frame assembly of the
patient kift system, information indicative of an angle of the frame assembly with respect to

a horizontal reference plane;
compensating for the force vector data based on the mformation; and
deternuning an actual weight force of the patient.

32, A weight scale for a patient Lift system comprising a base frame and a foot
rest panel coupled to the base frame, the foot rest panel configured to support a patient, the

weight scale comprising:

a plurality of force sensors coupled to the base frame, each force sensor of the
plurality of force sensors configwred to generate a signal mdicative of a measured weight

force;

an angle sensor operatively coupled to the base frame, the angle sensor configured to
generate a signal mdicative of an angle of the base frame with respect to a horizontal

reference plane; and
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a controller conpled i signal commmmication with each force sensor and the angle
sensor, the coniroller comprising one or more processers configared o receive signals from

each force sensor and the angle sensor to deternune an actual weight force of the patient.

33, The weight scale of claimi 32, wherein the base frame inclades a first leg having
a first end and an opposing second end, the first leg defuung a first channel between the furst
end and the second end, and a second leg having a first end and an opposmg second end, the
second leg definmyg a second channel between the first end and the second end of the second

leg, the weight scale further comprising:

a first castor support link positioned withi the first channel, the first casior support
link having a first end defining a first slot and an opposing second end defining a second

stof;

a first force sensor of the plurality of force sensors positioned withun the first slot

and coupled to the first leg atf the first leg first end; and

a second force sensor of the plurality of force sensors positioned within the second

slot and coupled to the first leg at the first leg second end.
34, The weight scale of claim 33, wherem the first force sensor comprises:
a load cell, the load cell comprising a pmn; and

a castor support coupled to the first leg first end and the castor support link first end,
the castor support defining a bore configured fo receive the pm with the castor support

coupled to the first les.

35. The weight scale of claim 34, further comprising a castor coupled to the castor

support.
36. The weight scale of claim 33, further comprising:

a second castor support link positioned within the second channel, the second castor
support link baving a furst end defuung a third slot and an opposing second end defining a

fourth slot;
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a third force sensor of the plurality of force sensors positioned within the third slot

and coupled to the second leg at the second leg first end; and

a fourth force sensor of the plurality of force seusors posifioned within the fourth

slot and coupled to the second leg at the second leg second end.
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