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(7) ABSTRACT
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mattress supported by the frame, and a patient position
detection system including an alarm and at least one sensor
configured to detect a position of the patient relative to the
mattress. The patient position detection system has at least
three different modes of operation.
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1 2
PATIENT POSITION DETECTION FIG. 4 is a partial sectional view illustrating a load cell
APPARATUS FOR A BED configured to connect the weigh frame to the base frame;
FIG. 5 is a perspective view of a head end siderail which
This application is a continuation of U.S. patent appli- includes a control panel for operating the patient position
cation Ser. No. 09/737,111, filed Dec. 14, 2000, now U.S. 5 detection apparatus of the present invention;
Pat. No. 6,320,510, which is a divisional of U.S. patent FIG. 6 is an enlarged view of the control panel of FIG. 5

application Ser. No. 09/264,174, filed Mar. 5, 1999, now

3 ) 4 which is used to control the mode of operation of the patient
U.S. Pat. No. 6,208,250, the disclosures of which are incor-

position detection apparatus and the volume of the alarms

porated herein by reference. 0 generated by the detection apparatus;
BACKGROUND SUMMARY OF THE FIG. 7 is a block diagram illustrating the control elec-
INVENTION tronics of the patient position detection apparatus;

FIG. 8 is a top plan view of the articulating deck of the

The present invention relates to a patient position detec- ;
P P P bed with the second set of sensors mounted on the deck;

tion apparatus for a bed. More particularly, the present : ) )

invention relates to a bed exit and patient position detection 15  FIGS. 9 and 10 are flow charts illustrating a main loop of

apparatus which has multlple modes of operatlon for pro- steps performed by the controller for momtormg mputs from
, ; £ 2 ‘
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position (not shown) located above a top surface 36 of
mattress 38. Mattress 38 is located on articulating deck 22
for supporting a patient thereon.

The footboard 28 includes a plurality of buttons, knobs,
switches or other controls 40 for controlling various func-
tions of the bed 10. Controls 40 are located on a top inclined

Q““gj.i’lnix hok oz ijﬂléjo”‘ enal dd e the Fortanard 29

4
girariencl arene §0 in KI5 Vel iimd$ of e ortuice A<

therefore provide initial alignment between the footboard 28
and the frame 20. First and second connector alignment
apparatuses 52 and 54 provide further alignment for male
and female electrical connectors 62 and 64, respectively, as
discussed in detail below with reference to FIGS. 14-16.
The patient position detection apparatus of the present
invention uses two different types of sensors 70, 104. A first
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resistive pressure sensors are formed in strips which can be
cut to any desired length. The sensor strips are illustratively
adhered to a stiffener and then sealed within a protective
outer sleeve or cover made from a wipable material. Fas-
&1 "Sj faiva i1l rdretinedy T

6

the nurse call 142 alarm once the nurse call 142 alarm has
been activated at the remote nurse call station. Nurse call
clear button 144 permits the caregiver to clear or reset the
remote patient alarm while at the bed 10 after responding to

e iy anwlition Cnorelly oo wosrwr i gen 1o wdis

whirhone i ihe Qe
—

EY

114, 120, 122, and 124 in position on the deck 22 as best
shown in FIG. 8. Sensors 114, 120, 122, and 124 are coupled
to the controller 50 on the bed 10 by wires 126.

As pressure on the sensors 114, 120, 122, and 124
increases, resistance of the sensors is lowered. By process-
ing the output signals from sensors 114, 120, 122, and 124,
the controller 50 determines the position of the patient on the
deck 22. In particular, the controller 50 determines when the
patient moves away from a central portion of the bed and too
close to the side edges 23 or 25 on the deck 22. Controller
50 then provides an indication that the patient is at risk of
exiting the bed.

Using the two different types of sensors 70 and 104, the
patient position detection apparatus of the present invention
is capable of operating in several different modes to assist
the caregiver with tracking the patient position on the bed
10. In an out-of-bed mode, only sensors 70 are used to
activate an alarm when a patient completely exits the bed. In
a second exiting mode, both sets of sensors 70, 104 are used.
An alarm is activated when a patient is located at a position
near the sides 23, 25 of deck 22 or on the deck 22 near the
head end 26 or foot end 30. In other words, a pre-exit alarm
is sounded when the patient moves outside a central portion
of the deck 22 on the bed 10. In a third position mode, both
sets of sensors 70, 104 are also used. An alarm is activated
when a patient moves away from the head sensor 114 on the
deck 22 as discussed below.

FIG. 7 is a block diagram illustrating the electronic
control components of the patient position detection appa-
ratus. As discussed above, the first and second sensors 70
and 104 are each coupled to the controller 50. The controller
50 processes signals from the first and second sensors 70,
104 as discussed in detail below to provide various control
functions. A caregiver control panel 130 is mounted on the
bed 10 to control operation of the patient position detection
apparatus. Preferably, the caregiver control panel 130 is
mounted on the head end siderail 52 as best shown in FIG.
5. The control panel 130 may also be on a pendant or on a
remote control device electrically coupled to the controller
50. The caregiver control panel 130 includes control buttons,
switches, knobs, etc. for setting the particular type of tone
for the audible alarm and for setting a volume of the alarm
for garh af the detection mndes as illnstrated at hlock 130.
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nurse call bed exit alarm 142 by returning to the nurse call
station or by deactivating the alarm somewhere else in the
hospital, other than at the bed 10. Button 144 permits the
caregiver to clear the nurse call bed exit alarm 142 after
responding to the alarm condition at the bed 10. Controller
50 is also coupled to a communication network 55 so that the
controller 50 can transmit output signals to a remote loca-
tion.

In an alternative embodiment of the present invention,
controller 50 is programmed to deactivate the local alarm
138 if the patient returns to bed 10 or returns to a correct
position on the bed 10 depending upon the mode selected.
This feature may encourage the patient to return to the
correct position on the bed 10 since the alarm will be
deactivated when the patient returns to the correct position.
The nurse call alarm 142 typically remains activated so that
the caregiver may still respond to the alarm, even if the local
audible and visual room alarm 138 is deactivated.

FIG. 6 illustrates further details of the caregiver control
panel 130 which is illustratively located on the head end
siderail 132. Control panel 130 includes a key button 150, a
mode control button 152, and a volume control button 154.
In order to adjust the detection mode or volume of the alarm,
the caregiver must depress the key button 150 and hold it
down while depressing the desired mode button 152 or
volume button 154. With the key button 150 held down, the
caregiver can scroll through the modes of operation by
pressing the mode button 152. Separate indicator LEDs are
provided to indicate which mode is selected. The Position
Mode is indicated by LED 156, the Exiting Mode is indi-
cated by LED 158, and the Out-of-Bed Mode is indicated by
LED 160. If none of the LEDs 156, 158, 160 is lit, the patient
position detection apparatus is off.

If the Position Mode is selected, all three LEDs 156, 158,
and 160 are lit. If the Exiting Mode is selected, LEDs 158
and 160 are lit. If the Out-of-Bed Mode is selected, only
LED 160 is lit. By providing a different number of indicator
lights for each of the three modes, a caregiver can tell which
mode is selected in the dark.

By requiring the depression of both the key button 150
and the mode button 152 or volume button 154 and by
placing these buttons 150, 152, 154 on the caregiver side of

tha ridorail 27 tho natinnt i datergnd Spg re ghoncing ongdne
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control panel 30 to indicate an alarm condition for that
mode. More than one of the LEDs 156, 158, and 160 can
flash. For instance, in Position Mode, the Position Mode
LED 156 may begin to flash when an alarm condition is
detected by the Position Mode. Since the Out-of-Bed Mode
is also run in Position Mode, the Out-of-Bed LED 160 may
also be flashing if the patient has exited the bed.

Caregiver control panel 130 also includes an indicator
LED 170 to provide an indication that the bed 10 is not
down. This indicator LED 170 is lit when the deck 22 is not
in its lowest position relative to the floor. In addition,
caregiver panel 130 includes an indicator LED 172 which
provides an indication when the brake on the casters 14 is
not set. When positioned in a room, the bed 10 is typically
set so that the deck 22 is in its lowest position and the brake
is set. Therefore, indicator LEDs 170 and 172 provide the
caregiver with an indication that these conditions are not
met.

FIG. 8 shows the illustrative arrangement of the sensors
114, 120, 122, and 124 on the articulating deck 22. It is
understood that other arrangements of the second set of
sensors 104 may be used in accordance with the present
invention. In addition, additional sensors may be provided
such as a sensor 125 located on the leg deck section 112.
Although the second sensors 104 are illustratively resistive
sensors, it is understood that other types of sensors may be
used in accordance with the present invention. For example,
capacitance sensors such as shown in U.S. Pat. No. 5,808,
552 or in U.S. Pat. No. 6,067,019, which are incorporated
herein by reference, may be used as the second sensors. In
addition, a piezoelectric sensor such as disclosed in U.S. Pat.
No. 6,252,512, filed Mar. 5, 1999, entitled AMONITORING
SYSTEM AND METHOD, which is hereby incorporated by
reference may also be used. In another embodiment, the
sensors 104 are coupled to a stop or bottom surface of the
mattress 38 or are located within an interior region of the
mattress 38.

FIGS. 9-12 are flow charts illustrating operation of the
controller 50 of the present invention and each of the three
patient position detection modes. The main software loop of
the controller 50 is illustrated in FIGS. 9 and 10. The main
loop begins at block 200 of FIG. 9. Controller 50 first
updates the status of the indicator lights 136 on control panel
130 or elsewhere as illustrated at block 202. Controller 50
then determines whether the patient detection system is on
at block 204. If the detection system is not on, controller 50
advances to block 230 as illustrated at block 205. If the
patient detection system is on, controller 50 checks the mode
of the detection system as illustrated at block 206.
Specifically, controller 50 determines whether the detection
system is in position mode as illustrated at block 208, exiting
mode as illustrated at block 210, or out-of-bed mode as
illustrated at block 212.

If the controller is in position mode as illustrated at block
208 or exiting mode as illustrated at block 210, the controller
50 will run the control loops for these modes as discussed
below. After running the positioning mode loop or the
exiting mode loop, the controller 50 will also run the
out-of-bed mode loop when the controller is set in position
mode or exiting mode. In other words, if the detection
system is on, the out-of-bed mode will always be checked.

Controller 50 then determines whether the mode was just
activated at block 214. If the particular mode was not just
activated, the controller 50 advances to block 246 of FIG. 11
if the system is in position mode as illustrated at block 216.
If the particular mode was not just activated, controller 50
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8

advances to block 264 of FIG. 12 if the system is in exiting
mode as illustrated at block 218. If the particular mode was
not just activated, controller 50 advances to block 278 of
FIG. 13 if the system is in out-of-bed mode as illustrated at
block 220.

If the mode was just activated at block 214, controller 50
reads all the sensor values from the first and second sets of
sensors 70 and 104 as illustrated at block 222. Controller 50
then determines whether the sensor values are within the
preset specifications as illustrated at block 224. In the
position mode, controller 50 is only concerned with the head
sensor 114. Therefore, in position mode, the output from
head sensor 114 is checked. The output value from sensor
114 is within specification if the head sensor 114 output
signal corresponds to a range of weights between 50-450
Ibs. Therefore, for position mode, the sensor 114 is typically
not within specification if the head sensor 114 is not plugged
in, shorted, or if a patient is not on the bed 10.

For exiting mode, controller 50 checks all the load cells
70 and sensors 114, 120, 122, and 124. To be within
specification for exiting mode, the weight range detected by
load cells 70 must be within a predetermined range based on
average human weights. Controller 50 also determines
whether any of the sensors 114, 120, 122, or 124 are not
plugged in or are shorted. In the out-of-bed mode, controller
50 only looks at load cells 70 to make sure that at least a
predetermined minimum weight reading is obtained in order
to indicate that a patient is on the bed 10.

If the values read at block 222 are not within
specifications, controller 50 will send a local alarm as
illustrated at block 226 so that the caregiver can investigate
the problem as illustrated at block 226. Controller 50 then
turns the detection system off as illustrated at block 227 and
advances to block 230 as illustrated at block 229. If the
retrieved sensor values are within the specifications at block
224, controller 50 stores all the sensor values in memory 51
as illustrated at block 228. Controller 50 then advances to
block 230 as illustrated at block 229.

In the illustrated embodiment, the key button 150 on
control panel 130 is a hardware switch. If the key button 50
is not pressed, the controller 50 does not receive the signal
from the mode button 152 or the volume button 154.
Therefore, if the key button is not pressed as illustrated at
block 232, controller 50 returns to block 200 as illustrated at
block 244. If the key button 150 and the mode button 152 are
pressed as illustrated at block 234, the controller 50 will
receive an input based on the mode button press. If the key
button 150 and the volume button 154 are pressed as
illustrated at block 236, the controller 50 will receive an
input signal from the volume button 154 press. If the key
button 150, the mode button 152, and the volume button 154
are all pressed as illustrated at block 238, the controller 50
will receive input signals from both the mode button press
and the volume button press. If the key button and at least
one other button are pressed at blocks 234, 236, and 238,
controller 50 will update the mode and volume settings in
memory 51 as illustrated at block 240. Controller 50 then
returns to block 200 as illustrated at block 244.

Operation of the controller 50 in position mode is illus-
trated beginning at block 246 of FIG. 11. Controller 50 first
reads the current value of head sensor 114 as illustrated at
block 248. The current head sensor value is abbreviated as
CV. Next, controller 50 retrieves the stored value for head
sensor 114 which was stored in memory 51 at block 228 as
illustrated at block 250. The stored sensor value is abbre-
viated as SV. Controller 50 then determines a scaler value
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based upon the stored head sensor value. In the illustrated
embodiment, an 8 bit A/D converter is used to convert the
output from the sensors 104. Therefore, the value SV ranges
from 1-256 in the illustrated embodiment. Smaller values of
SV indicate larger weight on the sensors 104. It is under-
stood that this range could be varied depending upon the
particular A/D converter used. Therefore, the range of 1-256
is only for illustrative purposes. Controller 50 sets the scaler
value as illustrated in the table at block 252. The scaler value
remains constant until the mode is reactivated. Next, con-
troller 50 calculates the acceptable range for the current head
sensor value (CV) as illustrated at block 254. The acceptable
range is:

Sv-10
(SV

v <[sy, V10
_SCALER]< <( * ]

SCALER

{patrpls- 50 dgiprmnes juhaihor (heywe-tabraGises

10

block 272, controller 50 determines that the patient is out of
position and updates the local alarms 238, activates the nurse
call alarm 142, and may turn on the room lights 140 as
illustrated at block 274. Controller 50 then advances to block

5 230 as illustrated at block 276. In exiting mode, the patient

position detection apparatus of the present invention permits
the patient to move around more on the deck 22 before an
alarm is activated compared to the position mode. Therefore,
position mode is the most sensitive setting for the patient

10 position detection apparatus of the present invention.

It is understood that other configurations may be provided
for the locations of sensors 104. A different number of
sensors 104 may be used. The sensors 104 may be mounted
at different locations on the deck 22, on the mattress 38, or

15 elsewhere on the bed 10.

Operation of the patient position detection system in the
out-of-bed mode is illustrated beginning at block 278 in FIG.
13. Controller 50 advances to block 278 from block 220 in

_
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in order to arm the bed exit detector. In the out-of-bed mode
of the present invention, removing the patient from the bed
is not required in order to arm the bed exit detection system.

The patient position detection system of the present
invention may be quickly switched from a normal bed exit
system in which an alarm is generated only when a patient
exits the bed to a predictive bed exit system in which an
alarm is generated when a patient moves away from a center
portion of the bed. In an embodiment of the invention, the
output signals from the first and second set of sensors 70,
104 are monitored and stored, either at the bed 10, or at a
remote location to record movements of the patient. The
controller 50 or a controller at the remote location monitors
the sensor output values to determine whether the patient is
moving on the bed 10. In one embodiment, the controller 50
or controller at a remote location generates a caregiver alert
signal or alarm if the patient has not moved on the bed within
a predetermined period of time. Therefore, the caregiver can
go to the bed 10 and rotate the patient in order to reduce the
likelihood that the patient will get bed sores. For example,
if the patient hasn’t moved for a predetermined period of
time, such as two hours, a signal is generated advising the
caregiver to move the patient. If the sensors 70, 104 and
controller detect that the patient has moved within the
predetermined period, then there is no need for the caregiver
to go turn the patient. Therefore, no signal is generated. This
feature saves caregiver time and reduces the likelihood of
injuries due to unnecessary rotation of a patient who has
been moving.

In another embodiment of the present invention, the
output signals from the four sensors 70 located at the corners
of the base frame 12 are used to provide an indication when
one of the frames or the deck hits an obstruction when
moving from the high position to a low position. In
particular, the processor 50 determines when an output
signal from one of the sensors 70 at the corners generates a
negative value or a greatly reduced weight reading within a
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than terminals 312. The terminals 312 are electrically con-
nected to conductors of a cable 314. Cable 314 of connectors
62 are connected to controls 40. Connector alignment appa-
ratus 54 is configured to receive female electrical connectors
64. Those numbers referenced by numbers on connectors 62
perform the same or similar function. Connectors 64 include
female socket contacts 318 configured to receive terminals
312 of connector 302. Illustratively, cables extending from
connectors 64 are coupled to the controller 50 on bed 10.

Referring now to FIG. 14, connector alignment apparatus
52 includes a base plate 320 having outwardly extending
alignment posts 322 located at opposite ends. Posts 322 each
include tapered head portions 324. Alignment apparatus 52
includes a pair of connector receiving portions 326. Con-
nector receiving portions 326 each include a pair of center
posts 328. Each post 328 includes a pair of spring arms 330.
Each spring arm 330 has a head portion 332 including a
ramp surface 334 and a bottom lip 336. Each connector
receiving portion 326 also includes a pair of posts 338.

Electrical connectors 62 are installed into the connector
receiving portions 326 by locating the apertures 310 on
flanges 308 over the posts 338 and pushing the connector 62
toward base 320. Flanges 306 engage ramp surfaces 334 of
heads 332 and cause the spring arms 330 to be deflected.
Once the flanges 306 move past the heads 332, heads 332
then move over flanges 306 to retain the connectors 302
within the connector alignment apparatus 52 as best shown
in FIG. 16.

Second connector alignment apparatus 54 is best illus-
trated in FIG. 15. The alignment apparatus includes a body
portion 340 having a pair of downwardly extending align-
ment posts 342. Body portion 340 is formed to include
apertures 344 at opposite ends. Apertures 344 are configured
to receive the posts 322 of first connector alignment appa-
ratus 52 as discussed below. Lead-in ramp surfaces 346 are
formed around the apertures 344. Body portion 340 further
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within apertures 362 formed in the surface 356 of the frame
20. Housing 340 is therefore not rigidly coupled to frame 20
and can float slightly due to the oversized apertures 362 and
the oversized aperture 360.

During installation of the footboard 28 on to the frame 20,
initial alignment is provided by posts 58 on frame 20
extending into the apertures 56 formed in the footboard 28.
As the footboard 28 moves downwardly over the posts 58,
the posts 322 on first connector alignment apparatus 52 enter
the apertures 344 in the second connector alignment appa-
ratus 54. Tapered surfaces 324 on posts 22 and tapered
surfaces 346 of apertures 344 facilitate insertion of the posts
322 into the apertures 344. Since the housing 340 of second
connector alignment apparatus 54 can float on the frame 20,
the housing 340 moves into proper alignment with the first
connector alignment apparatus 52 as the footboard 28 is
installed. This ensures proper alignment between connectors
62 and 64. Typically, connectors 62 and 64 include further
alignment posts 313 and apertures 315, respectively, which
mate to make sure that each of the terminals 312 line up with
the socket contacts 318. Therefore, the connector alignment
apparatus of the present invention includes a combination of
posts 58 on the frame 20 which mate with aperture 56 on the
footboard 28, posts 322 on the first connector alignment
apparatus 52 which mate with apertures 344 on the second
connector alignment apparatus 54, and posts 313 on con-
nectors 62 which mate with apertures 315 on the connectors
64 to provide further alignment.

Although the invention has been described in detail with
reference to certain illustrated embodiments, variations and
modifications exist within the scope and spirit of the inven-
tion as described and as defined in the following claims.

What is claimed is:

1. An apparatus for supporting a patient, the apparatus
comprising:

a frame,

a mattress supported by the frame, and

a patient position detection system including an alarm and
at least one sensor, the patient position detection system
being configured to detect a position of the patient
relative to the mattress, the patient position detection
system having at least first, second, and third alarm
modes of operation, the patient position detection sys-
tem being configured to provide for selection of one of
the first, second, and third modes as a sclected mode,
the first mode of operation resulting in an alarm being
activated in the event the first mode is the selected
mode and the patient moves by a first amount, the
second mode of operation resulting in the alarm being
activated in the event the second mode is the selected
mode and the patient moves by a second amount
greater than the first amount, and the third mode of
operation resulting in the alarm hem activated in the
event the third mode is the selected mode and the
patient moves a third amount greater than the second
amount.

2. The apparatus of claim 1, wherein the third mode of
operation results in the alarm being activated in the event the
patient exits the mattress.

3. The apparatus of claim 1, wherein the patient position
detection system includes at least one first sensor coupled to
the frame, the at least one first sensor having an output signal
witch is variable in response to changes in a weight applied
to the mattress, at least one second sensor located adjacent
the mattress, the at least one second sensor having an output
signal which is variable in response to changes in the
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position of the patient on the mattress, and a controller
having inputs configured to receive the output signals from
the first and second sensors, the controller being configured
to monitor the output signals, to provide an indication of
changes in the position of the patient relative to the mattress,
and to activate the alarm.

4. The apparatus of claim 3, wherein the at least one first
sensor is a load cell and the at least one second sensor is one
of a resistive pressure sensor, a capacitance sensor, and a
piezoelectric sensor.

5. The apparatus of claim 1, further comprising a deck
coupled to the frame, the mattress being located on the deck,
the deck including a head deck section, a seat deck section,
a thigh deck section, and a leg deck section, and wherein at
least one head sensor is coupled to the head deck section, at
least one seat sensor is coupled to the seat deck section, and
at least one thigh sensor is coupled to the thigh deck section.

6. The apparatus of claim 1, wherein the patient position
detection system includes a controller coupled to the at least
one sensor and first, second, and third mode indicator lights
which correspond to first, second, and third modes of
operation of the patient position detection system,
respectively, the controller being coupled to the first, second,
and third mode indicator lights to indicate which mode has
been selected.

7. The apparatus of claim 1, wherein the patient position
detection system includes a controller coupled to the at least
one sensor and further comprising a control panel coupled to
the controller to permit a caregiver to select between the
first, second and third modes of operation.

8. The apparatus of claim 7, wherein the control panel
includes an actuator to permit the caregiver to adjust a
volume of the alarm.

9. The apparatus of claim 7, wherein the control panel
includes a key button and a separate mode button, the
controller permitting the caregiver to change the mode of
operation by pressing the mode button only in the event the
key button is also pressed.

10. The apparatus of claim 7, wherein the control panel
includes a key button and a separate a volume control button
to permit the caregiver to adjust a volume of the alarm, the
controller being configured to permit the caregiver to adjust
the volume of the alarm using the volume control button
only in the event the key button is also pressed.

11. The apparatus of claim 1, wherein the patient position
detection system is coupled to a communication port to
provide a nurse call alarm to a remote location when the
alarm is activated.

12. The apparatus of claim 1, wherein the first mode of
operation results in the alarm being activated in the event the
patient moves away from a central region of the mattress by
a first distance, the second mode of operation results in the
alarm being activated in the event the patient moves away
from the central region of the mattress by a second distance
greater than the first distance, and the third mode of opera-
tion results in the alarm being activated in the event the
patient exits the mattress.

13. The apparatus of claim 1, wherein the patient position
detection system is configured to activate the alarm in the
event the system is in one of the modes and a patient
approaches exiting the mattress.

14. The apparatus of claim 1, wherein the patient position
detection system further includes a single mode selector
configured to permit scrolling selection of the first, second,
and third modes.

15. The apparatus of claim 1, wherein the patient position
detection system includes a plurality of sensors and a
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controller that receives signals from the plurality of sensors
and determines whether to activate the alarm based on the
signals and the selected mode.

16. The apparatus of claim 15, wherein each of the
plurality of sensors has an electrical resistance that varies
with the position of a patient on the mattress.

17. The apparatus of claim 15, further comprising a deck
positioned over the frame, wherein the mattress is positioned
on the deck and the plurality of sensors includes a plurality
of load cells supporting the weight of the deck and mattress.

18. The apparatus of claim 1, further comprising a foot-
board positioned on a foot end of the apparatus and a display
coupled to the footboard wherein the patient position detec-
tion system includes a plurality of sensors, the display is
configured to indicate the weight of a patient positioned on
the mattress based on signals generated by the plurality of
Sensors.

19. The apparatus of claim 1, wherein the patient position
sensor further includes a digital controller and an A/D
converter configured to convert an analog signal from the at
least one sensor to a digital signal.

20. An apparatus for supporting a patient, the apparatus
comprising:

a frame,

a mattress supported by the frame, and

a patient position detection system including an alarm and

the patient position detector having first, second, and
third modes of operation, the first, second, and third
modes being selectable to permit adjustment of a
sensitivity of the patient position detection system, in
the event the first mode is selected, the alarm is
activated in response to the patient moving a first
distance, in the event the second mode is selected, the
alarm is activated in response to the patient moving a
second distance greater than the first distance, and in
the event the third mode is selected, the alarm is
activated in response to the patient moving a third
distance greater than the second distance.

21. The apparatus of claim 20, wherein the third mode of
operation results in the alarm being activated in the event the
patient exits the mattress.

22. The apparatus of claim 20, wherein the patient posi-
tion detector includes a plurality of sensors configured to
generate an output signal which is variable in response to
changes in a weight applied to the mattress and an output
signal which is variable in response to changes in the
position of the patient on the mattress, and patient position
detector further includes a controller configured to receive
the output signals from the plurality of sensors, the control-
ler being configured to monitor the output signals, to provide
an indication of changes in the position of the patient relative
to the mattress, and to activate the alarm.

23. The apparatus of claim 20, wherein the the first mode
of operation results in the alarm being activated in the event
the patient moves away from a central region of the mattress
by the first distance, the second mode of operation results in
the alarm being activated in the event the patient moves
away from the central region of the mattress by the second
distance, the third mode of operation results in the alarm
being activated in the event the patient exits the mattress.

24. The apparatus of claim 20, further comprising a deck
coupled to the frame, the mattress being located on the deck,
the deck including a head deck section, a seat deck section,
a thigh deck section, and a leg deck section, and wherein the
patient position detector includes at least one head sensor
coupled to the head deck section, at least one seat sensor
coupled to the seat deck section, and at least one thigh sensor
coupled to the thigh deck section.
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25. The apparatus of claim 20, further comprising first,
second, and third mode indicator lights which correspond to
the first, second, and third modes of operation of the patient
position detector, respectively, the patient position detector
being coupled to the first, second, and third mode indicator
lights to indicate which mode has been selected.

26. The apparatus of claim 20, further comprising a
control panel coupled to the patient position detector to
permit a caregiver to select between the first, second and
third modes of operation.

27. The apparatus of claim 26, wherein the control panel
includes a key button and a separate mode button, the patient
position detector being configured to permit the caregiver to
change the mode of operation by pressing the mode button
only in the event the key button is also pressed.

28. The apparatus of claim 20, wherein the patient posi-
tion detection system is configured to activate the alarm in
the event the system is in one of the modes and a patient
approaches exiting the mattress.

29. The apparatus of claim 20, wherein the patient posi-
tion detection system further includes a single mode selector
configured to permit scrolling selection of the first, second,
and third modes.

30. The apparatus of claim 20, wherein the patient posi-
tion detection system includes a plurality of sensors and a
controller that receives signals from the plurality of sensors
and determines whether to activate the alarm based on the
signals and the selected mode.

31. The apparatus of claim 30, wherein each of the
plurality of sensors has an electrical resistance that varies
with the position of a patient on the mattress.

32. The apparatus of claim 30, further comprising a deck
positioned over the frame, wherein the mattress is positioned
on the deck and the plurality of sensors includes a plurality
of load cells supporting the weight of the deck and mattress.

33. The apparatus of claim 20, further comprising a
footboard positioned on a foot end of the apparatus and a
display coupled to the footboard, wherein the patient posi-
tion detection system includes a plurality of sensors, the
display is configured to indicate the weight of a patient
positioned on the mattress based on signals generated by the
plurality of sensors.

34. The apparatus of claim 20, wherein the patient posi-
tion sensor further includes a digital controller and an A/D
converter configured to convert an analog signal from the at
least one sensor to a digital signal.

35. A patient support comprising:

a frame,

a mattress supported by the frame, and

a patient position detection system including a controller,

an alarm, and a plurality of sensors, the controller being
configured to receive data from the plurality of sensors
indicative of the position of the patient relative to the
mattress, the patient position detection system having a
first mode of operation in which the controller activates
the alarm to indicate that the patient is in a first position
relative to the mattress, the patient position detection
system having a second mode of operation in which the
controller activates the alarm to indicate that the patient
is in a second position relative to the mattress, the
patient position detection system having a third mode
of operation in which the controller activates the alarm
to indicate that the patient is in a third position relative
to the mattress, the data received by the controller from
the plurality of sensors also being used by the controller
to determine a weight of the patient resting on the
mattress.
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36. The patient support of claim 35, further comprising a
display configured to display the weight of the patient.

37. The patient support of claim 36, further comprising a
footboard positioned adjacent a foot end of the patient
support, wherein the display is supported by the footboard.

38. The patient support of claim 37, wherein the footboard
is removable from the frame, the frame includes a first
electrical connector, the footboard includes a second elec-
trical connector that couples with the first electrical connec-
tor when the footboard is coupled to the frame to provide
electrical communication to the display, and the second
electrical connector is spaced apart from the first electrical
connector when the footboard is removed from the frame.

39. The patient support of claim 35, further comprising a
barrier positioned adjacent a perimeter of the mattress, the
barrier including a selector in communication with the
controller, the selector being configured to permit a user to
select one of the first, second, and third modes as a selected
mode.

40. The apparatus of claim 39, wherein the selector is
configured to permit scrolling selection of the first, second,
and third modes.

41. The patient support of claim 35, wherein the plurality
of sensors includes a plurality of load cells in communica-
tion with the controller to determine the weight and position
of the patient.

42. The patient support of claim 41, further comprising a
deck supporting the mattress, wherein the plurality of load
cells support the weight of the deck and the mattress.

43. A patient support comprising:

a frame,
a deck positioned above the frame,
a mattress positioned above the deck, and

a patient position detection system including a controller,
an alarm, and a plurality of sensors, the controller being
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configured to receive data from the plurality of sensors
indicative of the position of the patient relative to the
mattress, the patient position detection system having a
first mode of operation in which the controller activates
the alarm to indicate that the patient has moved a first
distance from a location on the mattress, the patient
position detection system having a second mode of
operation in which the controller activates the alarm to
indicate that the patient has moved a second distance
from the location on the mattress, the patient position
detection system having a third mode of operation in
which the controller activates the alarm to indicate the
patient has moved a third distance from the location on
the mattress, the second distance being greater than the
first distance, the third distance being greater than the
second distance, the patient position detection system
being configured to permit selection of the mode of
operation to permit adjustment of a sensitivity of the
system before the alarm is activated, the plurality of
sensors including a plurality of load cells supporting
the weight of the deck and providing data to the
controller to determine the position of the patient and a
weight of the patient resting on the mattress.

44. The patient support of claim 43, further comprising a
footboard positioned adjacent a foot end of the patient
support and a display supported by the footboard.

45. The patient support of claim 44, wherein the footboard
is removable from the frame, the frame includes a first
electrical connector, the footboard includes a second elec-
trical connector that couples with the first electrical connec-
tor when the footboard is coupled to the frame to provide
electrical communication to the display, and the second
electrical connector is spaced apart from the first electrical
connector when the footboard is removed from the frame.



