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Description

[0001] The subject matter described herein relates to
an apparatus and method for detecting a position or a
change in position of an occupant of an occupant support,
such as a hospital bed.

[0002] Patients in hospitals, other health care facilities
and home care settings may be confined to a bed for an
extended period of time. Such beds may include articu-
lable components so that the occupant or a caregiver
can adjust the profile of the bed. The beds may also in-
clude components for applying selected therapies to the
occupant. The use of articulating and therapeutic fea-
tures may cause the occupant to migrate from an opti-
mum location or position on the bed to another location
or position, usually closer to the foot end of the bed. Even
if articulating and therapeutic features are unavailable or
unused, the occupant can nevertheless migrate from the
optimal location to a nonoptimal location. Occupant mi-
gration refers to, for example, an involuntary change in
occupant position in at least the longitudinal direction,
and is distinct from intentional movements such as an
occupant voluntarily repositioning himself or being repo-
sitioned by a caregiver. The migration, in addition to plac-
ing the occupant in a nonoptimal location, can also im-
pose undesirable shear stresses on the occupant’s skin.
Itis, therefore, desirable to monitor occupant location so
that a caregiver or automated system can assess the
need for a corrective or mitigating action.

[0003] WO 2009/120270 discloses an adaptive cush-
ion method and apparatus for minimizing forces on body
parts of a person on a chair or bed which includes an
overlay cushion having a plurality of individual air bladder
cells, each having thereon a novel stretchable piezore-
sistive force sensor, and an electro-pneumatic control
system for inflating and deflating individual cells to pres-
sures measured by a transducer. Force concentrations
sensed by the force sensors are minimized using a novel
algorithm by varying the inflation pressure in a first cell
while measuring the sum of the forces exerted on all cells,
repressurizing the first cell to that pressure for which a
minimum total force was obtained, repeating the cyclical
variation in pressure and re-inflation to a minimum force-
obtaining pressure for each of the remaining cells, and
repeating the sequence for all cells until the force varia-
tions are minimized below a predetermined threshold val-
ue.

[0004] Thepresentinvention provides a method forde-
tecting occupant position change on a support surface
having a head test zone with at least one head test blad-
der and a foot test zone with at least one foot test bladder,
the method comprising establishing a rate of change of
fluid pressure in the head test zone and establishing a
rate of change of fluid pressure in the foot test zone,
comparing the rate of pressure change in the head test
zone to at least one head rate limit, comparing the rate
of pressure change in the foot test zone to at least one
foot rate limit; and inferring, in response to the comparing
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steps, whether or not occupant migration has occurred.
[0005] The invention will now be further described by
way of example with reference to the accompanying
drawings, in which:

FIG.1is aschematic side elevation view of a hospital
bed having a frame and a mattress in which the mat-
tress is comprised of a head end bladder in a head
zone, a foot end bladder in a foot zone and a series
of intermediate bladders in an intermediate zone be-
tween the head and foot zones.

FIG. 2 is a schematic side elevation view showing a
mattress similar to that of FIG. 1 and also showing
fluid and communication lines extending between
the bladders and other components.

FIG. 3 is a view similar to FIG. 2 but having multiple
bladders in the head and foot zones.

FIGS. 4-6 are views similar to FIGS. 2-3 in which the
intermediate zone is a foam material that extends
into the head and foot zones and in which bladders
also occupy the head and foot zones.

FIG. 7 is a block diagram showing a generic version
of a method of detecting a change in occupant loca-
tion on the mattresses of FIGS. 1-6.

FIGS. 8A and 8B show a data queue and a diagram
of a pressure stability test that uses the data from
the data queue.

FIGS. 9-10 are a block diagrams showing more de-
tailed versions of the general method of FIG. 7.

FIGS. 11A-11C are a sequence of views showing a
bed occupant migrating footwardly on a bed having
multiple bladders in both the head and foot zones;
FIG. 11D is a graph of bladder pressure versus time
illustrating the method used in conjunction with the
bed having multiple bladders in both the head and
foot zones.

FIGS. 12-14 are a block diagram and pressure vs.
time graphs for another method of detecting a
change in occupant location.

FIG. 15 is a table showing an example of application
ofthe method of FIGS. 12-14 to a bed having multiple
bladders in the head and foot zones.

FIG. 16 is a block diagram illustrating a validation
test.

[0006] FIG. 1 illustrates a bed 20 which extends longi-
tudinally from a head end 22 to a foot end 24 and laterally
from a right side, visible in the illustration, to a left side.



3 EP 2 649 908 B1 4

The bed comprises a frame 30 which includes a base
frame 32, an elevatable frame 34, and a deck 36. A lift
system, represented by links 40 in the illustration, con-
nects the elevatable frame to the base frame so that the
elevation of the elevatable frame can be adjusted. Deck
36 comprises an upper body or torso section 42, a seat
section 44, a thigh section 46 and a calf section 48 cor-
responding approximately to an occupant’s torso, but-
tocks, thighs and calves respectively. The angular orien-
tations of the torso, thigh and calf sections are adjustable
as indicated by angles a, B, and 6 in the illustration. Sid-
erails, notillustrated, border the left and right sides of the
bed and include a hip indicator which corresponds to hip
plane 50 in the illustration. The hip indicator indicates the
approximate longitudinallocation at which the occupant’s
hip should be positioned so that the occupant is optimally
located on the bed.

[0007] The bed also includes a mattress 60 supported
by the frame. The mattress includes a head zone 62 hav-
ing at least one fluid pressurizable bladder 64 and a foot
zone 66 also having at least one fluid pressurizable blad-
der 68. It should be appreciated that the head zone and
foot zone are so named because they are located at or
near the head end and foot end extremities of the mat-
tress; the zones do not necessarily correspond exactly
to the location of an occupant’s head or feet. Forreasons
that will become apparent the head and foot zones are
also referred to herein as head and foot test zones and
the bladders in those zones may be referred to as head
and foot test bladders. The head zone and the foot zone
are longitudinally separated from each other by an inter-
mediate zone 80.

[0008] FIGS. 2-6 show a selection of mattress archi-
tectures. FIGS. 2 and 3, like FIG. 1, show a mattress in
which the intermediate zone 80 comprises a series of
longitudinally distributed pressurizable bladders 82
which are the principal medium or structure for supporting
an occupant of the mattress (i.e. an occupant of the bed)
in the intermediate zone. However a structure other than
bladders, for example a foam, could be used in the inter-
mediate zone in which case the alternative medium will
be the principal medium or structure for supporting an
occupant in the intermediate zone. The intermediate
bladders may be grouped together in one or more groups
with bladders of a given group connected to their neigh-
boring bladders in the same group buy a fluid passage
84. The intermediate zone of FIG. 2 includes two groups
of bladders, a first group comprising three bladders and
a second group comprising five bladders. The interme-
diate zone of FIG. 3 includes a single group. A pressure
sense tube 90 extends from the head bladder (or from
each of multiple head bladders) from the foot bladder (or
from each of multiple foot bladders) and from one bladder
in each group of intermediate bladders to a pressure
transducer 92 dedicated to each bladder or group. In bed
architectures that employ multiple head and/or foot blad-
ders, such as the architecture of FIG. 3, the bladders in
the head zone are pneumatically isolated from each other
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and the bladders in the foot zone are pneumatically iso-
lated from each other and each of the bladders has a
sense line 90 and a pressure transducer 92.

[0009] FIGS. 4-6 show variations of a third architecture
in which a component other than bladders, such as foam,
comprises the principal supporting structure of the mat-
tress in the intermediate zone and in which the foam me-
dium extends into the head zone, the foot zone or both
(as illustrated) for at least partially supporting the occu-
pant. The foam medium has a frame side 96 and an oc-
cupant side 98. The head zone and foot zone each con-
tain at least one bladder. The head zone bladder or blad-
ders may be embedded in the foam medium (FIG. 4)
exposed on the occupant side of the medium (FIG. 5) or
exposed on the frame side of the medium (FIG. 6). The
architecture of FIGS. 4-6 also include pressure sense
lines and transducers as already described, however
these components are not shown in FIGS. 4-6.

[0010] A blower 100 is connected to selected bladders
by a network of fluid supply tubes 102 and appropriate
valves 104 for supplying fluid, typically ambient air, to the
bladders. The blower is connected to each of the head
and foot bladder or bladders 64, 68 and to each group
of intermediate bladders 82 in architectures that employ
intermediate bladders (FIGS. 2-3). The blower can be
operated to pump air into the bladders thereby pressu-
rizing them. The blower can also be operated to suction
air out of the bladders thereby depressurizing them. Al-
ternatively depressurization can be achieved by venting
a bladder to atmosphere.

[0011] A controller 110 communicates with blower 100
by way of a communication link represented by line 112.
Pressure readings from pressure transducers 92 are
communicated to the controller by communication links
represented by lines 114. A user interface 116 allows the
bed occupant, a caregiver, or other user to communicate
instructions to the controller by way of communication
link represented by line 118.

[0012] In the above described beds the test bladders,
i.e. the head and foot end bladders 64, 68, are a set of
one or more bladders in the head zone near the head
end of the bed and in the foot zone near the foot end of
the bed and are separated from each other by a non-test
or intermediate zone which may or may not comprise
bladders. The quantity of test bladders depends on the
degree of granularity considered to be acceptable to car-
ry out the method described below. As seen in FIG. 2,
the combined lengths LF, LH of the test zones is greater
than mattress length L reduced by the height H of a min-
imum height occupant, for example a 5th percentile fe-
male, i.e.

LF+LH>L-H (1)

[0013] In the illustrations the lengths of the test zones
are shown as equally apportioned between the head and
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foot ends of the bed, however unequal apportionment
may suffice or even be advantageous.

[0014] Alternatively all the bladders on the bed could
be employed as test bladders in which case inequality
(1) no longer applies.

[0015] Controller 110 receives pressure readings from
the transducers and operates the blower and valves to
maintain bladder pressure in a range bounded by upper
and lower limits so that bladder pressure remains ap-
proximately equal to a set point pressure. For example,
if an occupant’s weight shifts partly or completely off a
bladder, the fluid pressure in the bladder can decrease
to or below the lower limit. In response, the controller
operates the blower and valves to increase the pressure
to the set point pressure. Conversely, if additional occu-
pant weight shifts onto a bladder, the bladder pressure
can increase to or above the upper limit. In response, the
controller operates the blower and valves to decrease
the pressure to the set point pressure. Such regulation
of bladder pressure helps ensure that the magnitude and
distribution of the interface pressure imposed on the oc-
cupant by the mattress remains satisfactory.

[0016] FIG. 7 shows a generic version of a method of
detecting a change in occupant location on the mattress.
In general, the method conducts a stability test on bladder
pressures of interest at block 130. The stability test de-
termines whether or not the pressures of interest are un-
dergoing a transient, and is shown in more detail in FIGS.
8A-8B. The pressures of interest are the pressure in the
head zone bladder or bladders 64 and the pressure in
the foot zone bladder or bladders 68. The stability test is
carried out because the method of detecting a change in
occupant location relies on establishing the existence of
achange in pressure per unit time and therefore requires
information to ensure that the pressures are notchanging
just before the onset of the pressure change whose rate
is to be determined and just after the conclusion of the
pressure change whose rate is to be determined, partic-
ularly if the pressure change per unit time is based on a
simple difference of two pressures at two different times.
Other methods of determining the pressure change per
unit time may not require a stability test. The example
stability test maintains a queue of time values t0, t-1 and
t-2 and a queue of pressure values Py, P_; and P_, at
each of those times (FIG. 8A). The queue is periodically
updated by discarding the least recent time and pressure
values and adding a new time and pressure value to the
other end of the queue. The block diagram of FIG. 8B
shows that a stability flag is set to TRUE (indicating that
the pressures are stable)if the absolute values of all three
pressure differences in the queue are less than a pres-
sure difference threshold T.

[0017] Returning to FIG. 7, if the pressures of interest
are stable, the method proceeds to block 132 where the
controller establishes the rate of change of bladder pres-
sure in the bladders of the head and foot zones. As dis-
cussed below in more detail, certain rates of pressure
change may reveal that an occupant has migrated lon-
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gitudinally along the bed, or at least allow an inference
that migration has occurred. Determination of the rate of
change of bladder pressure can be based on observing
the time required to achieve a given change in pressure,
or can be based on observing the pressure change
achieved over a fixed time interval, or can be a calculated
Ap/At in which neither Ap or At are prescribed, or can be
amore sophisticated determination of the time derivative
dp/dt.

[0018] Regarding rates of change of pressure, an in-
crease in pressure is considered to be a positive change
in pressure so that the corresponding rate of change is
also positive. Expressions of relative rates of pressure
increase (e.g. the actual rate of pressure increase in com-
parison to a rate limit) are governed by the magnitude of
the rate. For example a pressure increase whose rate is
6 pressure units per unit time is less than or slower than
a pressure increase whose rate is 8 pressure units per
unit time and greater than or faster than a pressure in-
crease whose rate is 4 pressure units per unit time. A
decrease in pressure is considered to be a negative
change in pressure so that the corresponding rate of
change is also negative. Expressions of relative rates of
pressure decrease are governed by the absolute mag-
nitude of the rate. For example a pressure decrease
whose rate is 7 pressure units per unit time is less than
or slower than a pressure decrease whose rate is 9 pres-
sure units per unit time and greater than or faster than a
pressure decrease whose rate is 5 pressure units per
unit time.

[0019] At block 134 the controller compares the rate
of pressure change in the head zone to at least one head
end rate limit, and compares the rate of pressure change
in the foot zone to at least one foot end rate limit, which
need not have the same magnitude as the head end rate
limit, to determine if the rates are consistent with an oc-
cupanthaving migrated longitudinally along the mattress,
particularly toward the foot end of the bed. A fast rate of
change may suggestnothing more than an occupant hav-
ing sat up or otherwise acted in a purposeful way to
change his location and/or weight distribution on the bed.
A slower rate of change may be consistent with the oc-
cupant having migrated along the bed. A very slow rate
may not suggest anything conclusive and therefore, by
default, would be considered inconsistent with occupant
migration. An inference can then be made, in response
to the comparing steps, whether or not occupant migra-
tion has occurred. If the rate comparison suggests that
the occupant has migrated along the bed the test is con-
sidered to be positive for occupant migration. If the rate
comparison suggests that the occupant has not migrated
along the bed the test is considered to be negative for
occupant migration. Typically the rate comparison will
compare the established actual rate of pressure change
to an upper rate limit (suggestive of deliberate occupant
movement) and will yield a positive result if the rate being
tested is slower than the upper rate limit. Alternatively
the rate comparison will yield a positive result if the es-
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tablished rate falls within a given range, i.e. if the estab-
lished rate is slower than an upper rate limit and faster
than a lower rate limit. As an example, considering the
single head bladder/single foot bladder architecture of
FIG. 2, adepressurization of the head bladderthatoccurs
quickly enough to indicate a rapid rate of occupant move-
ment (for example an intentional movement of the occu-
pant such as sitting up) would not suggest occupant mi-
gration, whereas a slower depressurization could sug-
gest occupant migration. If itis desired to test the estab-
lished rate against a range rather than against a single
bound, the rate could also be tested against a lower limit
so that a depressurization rate slower than the lower limit
also would not suggest occupant migration. Similarly, a
pressurization of the foot bladder that occurs quickly
enough to indicate a rapid rate of occupant movement
would not suggest occupant migration, whereas a slower
pressurization could suggest occupant migration. If it is
desired to test the established foot end rate against a
range rather than against a single limit, the established
rate could also be tested against a lower limit so that
pressurization rate slower than the lower limit would not
suggest occupant migration. Yet another example is the
combination of a depressurization rate in the head zone
and a pressurization rate in the foot zone, both of which
rates are slow enough to suggest occupant migration or
fall within a range suggestive of occupant migration. It is
believed that the combination test is superior to either of
the tests involving only the head zone or the foot zone.
[0020] Similar tests of the rate of change of bladder
pressure in comparison to one or two limits can be carried
out with a mattress architecture having multiple bladders
in the head and/or foot zones, such as those of FIGS.
3-6. In such cases the rate test for a given zone (head
or foot) will be considered positive if it is positive for any
bladder in that zone.

[0021] FIG. 9 shows a specific variant of the general
method. The method begins at block 140 with an
assessment of the stability of the pressures of interest
as already described. If the pressures of interest are
stable the method proceeds to block 142 where an initial
head zone pressure PH; and an initial foot zone pressure
PF; are recorded. At block 144 the method waits for a
period of time equal to t,, and then proceeds to block 146
to reassess the stability of the pressures of interest. If
the pressures aren’t stable the method proceeds to block
148 and continues to wait one or more additional time
intervals. When the pressures have stabilized the method
advances to block 150 where the "final" pressures PH;
and PF;arerecorded. The method then proceeds to block
152 where the pressure change rates are established.
At block 154A a rate test is conducted. The illustrated
rate test compares the rate RH of pressure change in the
head bladder to lower and upper limits RHg,,, and Ry¢ast-
The illustrated rate test also compares the rate RF of
pressure change in the foot bladder to lower and upper
limits RFgq,, and RF,¢. The illustrated test is a "weak"
test in that it employs a Boolean OR to infer that the
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occupant has migrated along the bed. That is, the
occupant is inferred to have migrated along the bed
provided that either the head zone pressure has changed
at a rate bounded by upper and lower limits or the foot
zone pressure has changed at a rate bounded by upper
and lower limits.

[0022] If the outcome of the rate test is TRUE, the in-
ference of occupant migration can be accepted as con-
clusive. Alternatively, if the outcome of the rate test is
TRUE the inference of occupant migration may be fol-
lowed by a validation step shown at block 156 and de-
scribed below in more detail.

[0023] FIG. 10 shows a variant of the method similar
to that of FIG. 9 except that it uses a Boolean AND to
conduct a"strong" test at block 154B so that the occupant
is inferred to have migrated along the bed only if both the
head zone pressure and the foot zone pressure have
changed at a rate bounded by upper and lower limits.
[0024] FIGS. 11A-11D illustrate the method used in
conjunction with a bed having multiple bladders in both
the head and foot zones. The bed occupant P is initially
located over head bladders B, C, and D and over foot
bladder E (FIG. 11A). At a later time t4, the occupant has
migrated footwardly and is located over head bladders
C and D and over foot bladders E and F (FIG. 11B).
Referring to FIG. 11D, during migration the occupant’s
weight shifts off bladder B causing the pressure in blad-
der B to decrease toits lower limit, at which time controller
110 commands operation of blower 100 and valves 104
to repressurize the bladder to its set point pressure. Dur-
ing migration the occupant’s weight also shifts onto blad-
der F causing the pressure in bladder F to increase to its
upper limit, at which time controller 110 commands op-
eration of blower 100 and valves 104 to relieve the pres-
sure in the bladder to its set point pressure. As discussed
previously the rate of pressure decay in head zone blad-
der B in comparison to a rate limit, and/or the rate of
pressure rise in foot zone bladder F in comparison to a
rate limit results in an inference that the occupant has
migrated footwardly. At a still later time t,¢ the occupant
has migrated footwardly a further amount and is located
over head bladder D and over foot bladders E, F, and G
(FIG. 11C). During migration the occupant’s weight shifts
off bladder C causing the pressure in bladder C to de-
crease to its lower limit, at which time controller 110 com-
mands operation of blower 100 and valves 104 to repres-
surize the bladder to its set point pressure. During mi-
gration the occupant’s weight also shifts onto bladder G
causing the pressure in bladder G to increase to its upper
limit, at which time controller 110 commands operation
of a blower 100 and valves 104 to relieve the pressure
in the bladder to its set point pressure. The rate of pres-
sure decay in head zone bladder C in comparison to a
rate limit, and/or the rate of pressure rise in foot zone
bladder G in comparison to a rate limit results in an in-
ference that the occupant has migrated further footward-
ly. Thus, the use of multiple bladders can not only allow
an inference that the occupant has migrated along the
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mattress, but can also offer progressively changing in-
formation about the actual location of the occupant. As
already noted the quantity of test bladders depends on
the degree of granularity considered to be acceptable.
[0025] Referring back to FIGS. 9-10, when the method
is applied to architectures with multiple bladders in the
head and/or foot zones (such as FIGS. 12A-12C) the
method would carry out the stability tests (blocks 140,
146) recording step (blocks 142, 150) and establishment
step (block 152) for each of the test bladders in the zone.
The rate test step of block 154A or 154B would also be
carried out for each bladder. The result of the rate test
would be TRUE if the pressure change rate in any one
of the head zone bladders were less than the upper limit
for that zone. Alternatively the result of the rate test would
be TRUE if the pressure change rate in any one of the
foot zone bladders were less than the upper limit for that
zone. In yet another alternative the result of the rate test
would be TRUE if the pressure change rate in any one
of the head zone bladders or in any one of the foot zone
bladders were within upper and lower limits for that zone
(i.e. the "weak" test described above). In yet another al-
ternative the result of the rate test would be TRUE if the
pressure change rate in any one of the head zone blad-
ders and in any one of the foot zone bladders were within
upper and lower limits for that zone (i.e. the "strong" test
described above).

[0026] For the architectures that use multiple bladders
inthe head and seat zones the upper and lower rate limits
can be the same from bladder to bladder within each
zone, in which case the rate limits for all the head zone
bladders may or may not be the same as the rate limits
for all the foot zone bladders. Alternatively, the rate limits
could differ from bladder to bladder. Differing rate limits
could improve accuracy by accounting for the weight im-
posed on the mattress by different parts of an occupant’s
body (e.g. head, neck, shoulders/upper back, lower back,
buttocks, thighs, popliteal region, calves and heels).
Bladder specific limits could be associated with individual
bladders by way of a userinterface 116 and may be based
on factors such as occupant height and/or morphology.
Moreover, controller 110 can be programmed to reasso-
ciate the bladder specific limits from one bladder to the
next in response to perceived occupant migration.
[0027] FIGS. 12-14 show a block diagram and pres-
sure vs. time graphs for another method of detecting a
change in occupant location. As in the previously de-
scribed method, the method of FIGS. 12-14 assumes
that that the rate of pressure decrease in the head end
bladder and the rate of pressure increase in the foot end
bladder are slow enough to be consistent with occupant
migration rather than with a more abrupt transference of
weight. The method further assumes that the changes in
bladder pressure during occupant migration are fast
enough and that the system dynamics are slow enough
that the actual bladder pressures exceed the lower limit
for the head bladder and exceed the upper limit for the
foot bladder at some time during the occupant migration.

10

15

20

25

30

35

40

45

50

55

[0028] According to the method, as the occupant mi-
grates footwardly on the bed, bladder pressure in the
head bladder decreases and bladder pressure of the foot
bladder increases in the time interval between t0 and t1.
When the head end bladder pressure falls below its lower
limit and the foot end bladder pressure rises above its
upper limit the controller commands operation of the
blower and valves appropriate for restoring bladder pres-
sures to the set point pressures. At time t2 the bladder
pressures begin to respond. At time t3 the bladder pres-
sures have returned to their set point values. As the oc-
cupant continues to migrate footwardly, his weight is
transferred progressively off the head zone and onto the
foot zone. Accordingly, bladder pressures in those zones
undergo additional cycles of change between peak and
trough values. At block 170 the method counts the
number of pressurization and depressurization cycles
thathave occurred in the head zone during a time interval
At. At block 172 the method counts the number of pres-
surization and depressurization cycles that have oc-
curred in the foot zone during the same time interval At.
For the head zone the peak pressure is shown as ap-
proximately the pressure midway between the lower and
upper limits, and the trough pressure is a pressure lower
than the lower limit. At blocks 174, 178, 182 a first flag
F1 is set if the number of pressure change cycles per
unit time in the head zone exceeds a first count threshold
T1. Atblocks 176, 180, 184 a second flag F2 is set if the
number of pressure change cycles per unit time in the
foot zone exceeds a second count threshold T2. Block
190 calculates the average peak pressure Ppy in the
head zone during the time interval under consideration.
Block 192 calculates the average trough pressure Pty
in the head zone during the same time interval. Blocks
194 and 196 calculate similar time averaged peak and
trough pressures Ppg, Py in the foot zone bladders. The
method determines APH, the difference between the time
average peak and trough pressures in the head zone. At
blocks 198, 200, 204 the method determines if that dif-
ference of time averaged pressures exceeds a pressure
difference threshold T3. If so, the method sets a third flag
F3. The method also determines APF, the difference be-
tween the time average peak and trough pressures in
the foot zone. At blocks 206, 208, 210 the method deter-
mines if that difference of time averaged pressures ex-
ceeds a pressure difference threshold T4. If so, the meth-
od sets a fourth flag F4. As indicated by AND gate 212
the method tests whether all four flags have been set (i.
e. all four flags have a TRUE value). If so, the test pro-
duces a TRUE result thereby inferring that the occupant
has migrated longitudinally along the bed.

[0029] Inthe example of FIGS. 12-14 the pressure cy-
cles are depicted as having approximately equal ampli-
tudes and periods and are shown as being 180 degrees
out of phase. However in practice the amplitudes and
periods may be unequal and the phase difference, if any,
may be other than 180 degrees.

[0030] If the mattress head zone or foot zone has only
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asinglebladderasinFIG. 2, the above described method
would rely on the pressure cycle counts and the pressure
differences associated with the single head and foot blad-
der. Referring to FIG. 15 if the mattress head or foot zone
has multiple bladders (as in FIGS. 3-6) the test for cycle
count would be considered TRUE for the head zone if
that test were TRUE for any one of the bladders in the
head zone, and the pressure difference test would be
considered TRUE for the head zone if that test were
TRUE for any one of the bladders in the head zone. Sim-
ilarly, the test for cycle count would be considered TRUE
for the foot zone if that test were TRUE for any one of
the bladders in the foot zone, and the pressure difference
test would be considered TRUE for the foot zone if that
test were TRUE for any one of the bladders in the foot
zone. As seen in FIG. 15 the cycle count test and the
pressure difference test need not be TRUE for the same
bladder in the head zone. Likewise the cycle count test
and the pressure difference test need not be TRUE for
the same bladder in the foot zone. However imposing
the criterion that both the cycle count test and the pres-
sure difference test must be TRUE for the same bladder
may be beneficial. Moreover, it may be beneficial to re-
quire thatthe cycle count testand the pressure difference
test yield a TRUE result for corresponding bladders in
the head zone and in the foot zone. A head zone bladder
and a foot zone bladder are corresponding bladders if
their relative responses to occupant migration (e.g. the
outcome of the cycle count test, the pressure difference
or some other suitable test) are correlatable. One simple
example is a foot end bladder that can be expected to
become more heavily loaded and a head end bladder
that can be expected to become more lightly loaded ap-
proximately concurrently with the head end bladder be-
coming more heavily loaded as an occupant migrates
longitudinally along the mattress.

[0031] In each of the above described methods the in-
ference drawn from the changes in bladder pressure dur-
ing an interval of time may be accepted as conclusive.
Alternatively, a validation test can be conducted as seen
at block 156 of FIGS. 9-10. One example test is referred
to as a dynamic or active test because it involves making
an intentional change in bladder pressure. This differs
fromthe tests already described which can be considered
to be passive tests because they do not involve making
an intentional change in bladder pressure.

[0032] FIG. 16 shows one embodiment of an active
test in which at least one test bladder in the head zone
and one in the foot zone are pressurized from an initial
pressure P; to a specified target pressure P;. Block 210
records the initial pressure P; and the time t; at which the
pressure reading is taken. The pressurization occurs at
block 212. At block 214 the method records the time at
which the target pressure Py is achieved. At block 216
the elapsed time for pressurization is determined. A blad-
der that is not involved in supporting an occupant will
achieve the target pressure more quickly than a bladder
that is involved in supporting the occupant. Hence, block
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218 compares the pressurization times to standard times
required for pressurization, plus or minus a tolerance,
which gives an indication of whether the bladder in ques-
tion is loaded (playing a role in supporting the occupant
- block 220) or unloaded (not playing a role in supporting
the occupant - block 222). By comparing the pressuriza-
tion times to the standard pressurization times that would
be expected for a properly positioned occupant, an as-
sessment can be made of the occupant’s position on the
mattress and whether that position is satisfactory or is
consistent with a migrated occupant. If desired the stand-
ard pressurization times can be correlated with particular
segments of an occupant’s body. For example an occu-
pant’s head and shoulders might apply more weight on
the bladders than the occupant’'s neck, and the occu-
pant’s shoulders might apply more weight than that oc-
cupant’s head. Accordingly, a group of bladders that ex-
hibits, a moderate pressurization rate, a faster pressuri-
zation rate, and a slow pressurization rate slower than
the moderate rate can be used to assess the occupant’s
position on the mattress.

[0033] Other ways of analyzing the dynamics of blad-
der pressurization are also contemplated. For example
in a mattress with a multi-bladdered test zone, rather than
comparing pressurization times to standard times, one
could compare the relative pressurization times of the
bladders to each other. Bladders exhibiting pressuriza-
tion times that differ by at least a threshold amount, would
provide information about the occupant’s location on the
mattress, particularly if those bladders are adjacent to
each other in the same zone and/or the identity of the
loaded and unloaded bladders in each zone is consistent
with a possible occupant position, satisfactory or other-
wise. For example referring again to FIG. 11A-11B, as-
sume that the occupant initially occupied four test blad-
ders, three in the head test zone (bladders B, C, D) and
one (bladder E) in the foot test zone (FIG. 11A) and that
a passive test resulted in an inference that the occupant
had, over time, migrated footwardly by one bladder width
W (FIG. 11B). If the active test reveals that the occupant
still occupies four bladders and that the identity of those
bladders is bladders C, D in the head test zone and E, F
in the foot test zone, then the active test validates the
inference from the passive test that the occupant has
migrated one bladder width toward the foot end of the
bed.

[0034] Ifthe test zone comprises multiple bladders the
bladders can be pressurized for the active test concur-
rently, nonconcurrently in groups, or nonconcurrently in-
dividually.

[0035] Analternative to an active test based on bladder
pressurization time is to vent the bladder and determine
the time required for depressurization. Bladders involved
in supporting the occupant will depressurize more quickly
than those not involved in supporting the occupant
[0036] If the dynamic test is carried out on the basis of
bladder pressurization, the test results may benefit from
a preliminary step of depressurizing the test bladder prior



13 EP 2 649 908 B1 14

to pressurizing it. The test results may also benefit from
a preliminary step of depressurizing one or more blad-
ders on or both sides of the test bladder.

[0037] If the dynamic test is carried out on the basis of
bladder depressurization, the test results may benefit
from a preliminary step of overpressurizing the test blad-
der prior to depressurizing it. The test results may also
benefit from a preliminary step of depressurizing one or
more bladders on either side of the test bladder instead
of or in addition to overpressurizing the test bladder.
[0038] If patient migration is determined to have oc-
curred, one or more actions can be taken. Examples in-
clude issuing an alarm, taking an action intended to mit-
igate additional migration such as placing the deck in a
head down orientation, and taking an action to mitigate
any adverse effects of the migration such as the shear
and tissue stretch mitigation technique described in US
patent application publication No. 2011/197366 entitled
"Method and Apparatus for Relieving Shear Induced by
an Occupant Support". Another technique that may be
required is to elevate the pressure in any bladder that is
perceived to have been subjected to a higher load (i.e.
occupant weight) than that particular bladder would have
otherwise been expected to bear based on normal occu-
pant weight distribution.

[0039] The foregoing disclosure contemplates that
controller 110 will carry out an algorithm corresponding
to one of the passive tests by default. Alternatively, the
controller could be set up so that operation of the algo-
rithm is selectable and deselectable by a user input to
user interface 116. In either case, the algorithm’s
progress is suppressed if the bed (frame or mattress) is
adjusted in any way that is predicted to cause the bladder
pressures to change in such a way as to mimic the chang-
es associated with occupant migration. In the limit, one
might unconditionally suppress the test for any adjust-
ment to the bed rather than try to predict which adjust-
ments might cause a false positive for occupant migra-
tion. Example adjustments include changing the angular
orientation of a deck section orinflating a turn assist blad-
der. Alternatively, one could delay the onset of the com-
manded adjustment until the test progressed to a point
where the adjustment wouldn’t affect the test. However
it is believed this may be less satisfactory to the occupant
and/or caregiver, and would also have to exempt time
critical adjustments, such as adjusting the bed to a con-
dition suitable for CPR.

[0040] Although this disclosure refers to specific em-
bodiments, it will be understood by those skilled in the
art that various changes in form and detail may be made.
The present invention is solely defined by the scope of
the appended claims.

Claims

1. A method, using a controller (110) for detecting oc-
cupant position change on a support surface having
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a head test zone (62) with at least one head test
bladder (64) and a foot test zone (66) with at least
one foot test bladder (68), the method comprising:

establishing, by using a pressure transducer
(92), a rate of change of fluid pressure in the
head test zone (62) and;

establishing, by using a pressure transducer
(92), a rate of change of fluid pressure in the foot
test zone (66);

comparing the rate of pressure change in the
head test zone to at least one head rate limit;
comparing the rate of pressure change in the
foot test zone to at least one foot rate limit; and
inferring, in response to the comparing steps,
whether or not occupant migration has occurred.

The method of claim 1 comprising preceding the es-
tablishment steps by a test for whether the pressures
in the test zones (62,66) are stable.

The method of either claim 1 or claim 2 in which the
established head pressure change rate is compared
to upper and lower head rate limits and the estab-
lished foot pressure change rate is compared to up-
per and lower foot rate limits.

The method of claim 3 in which the inferring step
produces a positive result for occupant migration if
the established head pressure change rate does not
exceed the head upper rate limit and does not ex-
ceed the head lower rate limit, and the established
foot pressure change rate does not exceed the foot
upper rate limit and does not exceed the foot lower
rate limit.

The method of claim 3 in which the inferring step
produces a positive result for occupant migration if
the established head pressure change rate does not
exceed the head upper rate limit and does not ex-
ceed the head lower rate limit, or the established foot
pressure change rate does not exceed the foot upper
rate limit and does not exceed the foot rate limit.

The method of any preceding claim wherein the in-
ferring step produces aresult with regard to occupant
migration and the result is accepted as conclusive.

The method of any one of claims 1 to 5 wherein if
the inferring step produces a positive result for oc-
cupant migration, the inferring step is followed by a
validation step.

The method of claim 7 in which the validation test
includes

changing at least one of pressure in the head
test zone (62) and pressure in the foot test zone
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(66) in response to the inferred positive result;

determining a head end pressure derivative
based on the change in pressure in the head
zone (62) and/or determining a foot end pres-
sure derivative based on the change in the pres-
sure in the foot zone (66); and

conducting a comparison of the pressure deriv-
ative or derivatives and an associated pressure
derivative threshold; and

concluding, in response to the conducting step,
whetheror not occupant migration has occurred.

The method of claim 8 in which a conclusion of oc-
cupant migration is followed by one or more steps
comprising:

issuing an alarm;

taking an action intended to mitigate additional
migration; and

taking an action to mitigate adverse effects of
the migration.

The method of either claim 8 or claim 9 in which
the change in pressure is an increase in pressure;
and

the concluding step is positive for occupant migration
if at least one of the following occurs:

the pressure derivative for the head zone is fast-
er than the pressure derivative threshold asso-
ciated with the head zone; and

the pressure derivative for the foot zone is slow-
er than the pressure derivative threshold asso-
ciated with the foot zone.

A bed comprising a frame (30), a mattress (60) sup-
ported by the frame (30), the mattress (60) including
a head zone (62) having at least one fluid pressur-
izable bladder (64) and a foot zone (66) having at
leastone fluid pressurizable bladder (68), a pressure
transducer (92) for establishing a rate of change of
fluid pressure in the head test zone (62) and a pres-
sure transducer (92) for establishing a rate of change
of fluid pressure in the foot test zone (66) and a con-
troller (110), wherein the controller (110) is adapted
to compare a rate of pressure change in the head
zone (62) to atleast one head endrate limit, compare
a rate of pressure change in the foot zone (66) to at
least one foot end rate limit; and infer, in response
to the comparing steps, whether or not occupant mi-
gration has occurred.

The bed of claim 11 in which the head zone (62) and
the foot zone (66) each include multiple bladders
(64,68).

The bed of either claim 11 or claim 12 in which the
head zone (62) and the foot zone (66) are longitudi-
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14.

15.

nally separated from each other by an intermediate
zone (80).

The bed of claim 13 in which one or more bladders
(82) resides in the intermediate zone (80), the blad-
ders (82) being the principal medium for supporting
an occupant of the mattress (60) in the intermediate
zone(80).

The bed of claim 13 in which a medium other than
one or more bladders resides in the intermediate
zone (80) and is the principal medium for supporting
an occupant of the mattress (60) in the intermediate
zone (80).

Patentanspriiche

1.

Ein Verfahren, unter Verwendung einer Steuerung
(110), zum Erfassen einer Insassenpositionsande-
rung auf einer Stltzflache, die eine Kopfprifzone
(62) mit mindestens einer Kopfprifblase (64), und
eine FuRprifzone (66) mit mindestens einer
FuBprifblase (68) aufweist, wobeidas Verfahren fol-
gende Schritte umfasst:

Feststellen einer Anderungsrate eines Fliissig-
keitsdrucks in der Kopfpriifzone (62) unter Ver-
wendung eines Druckwandlers (92); und
Feststellen einer Anderungsrate eines Fliissig-
keitsdrucks in der FuBpriifzone (66) unter Ver-
wendung eines Druckwandlers (92);
Vergleichen der Druckdnderungsrate in der
Kopfpriifzone mit mindestens einer Kopfraten-
grenze;

Vergleichen der Druckanderungsrate in der
FuBpriifzone mit mindestens einer Fulraten-
grenze; und

Schlussfolgern, als Reaktion auf die Vergleichs-
schritte, ob eine Insassenmigration stattgefun-
den hat oder nicht.

Das Verfahren nach Anspruch 1, das vor den Fest-
stellungsschritten einen Test, ob die Driicke in den
Testzonen (62, 66) stabil sind, umfasst.

Das Verfahren nach Anspruch 1 oder Anspruch 2,
wobei die festgestellte Kopfdruckdnderungsrate mit
einer oberen und einer unteren Kopfratengrenze
verglichen wird und die festgestellte FuRdruckande-
rungsrate mit einer oberen und einer unteren
FuBratengrenze verglichen wird.

Das Verfahren nach Anspruch 3, wobei der Schluss-
folgerungsschritt ein positives Ergebnis in Bezug auf
eine Insassenmigration erzeugt, wenn die festge-
stellte Kopfdruckanderungsrate die obere Kopfra-
tengrenze nicht iberschreitet und die untere Kopf-
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ratengrenze nicht lberschreitet und wenn die fest-
gestellte FuRdruckanderungsrate die obere Fuldra-
tengrenze nicht Gberschreitet und die untere Fuldra-
tengrenze nicht Gberschreitet.

Das Verfahren nach Anspruch 3, wobei der Schluss-
folgerungsschritt ein positives Ergebnis in Bezug auf
eine Insassenmigration erzeugt, wenn die festge-
stellte Kopfdruckdnderungsrate die obere Kopfra-
tengrenze nicht Gberschreitet und die untere Kopf-
ratengrenze nicht Uberschreitet oder wenn die fest-
gestellte FuRdruckanderungsrate die obere Fulira-
tengrenze nicht Uiberschreitet und die FuRratengren-
ze nicht Uberschreitet.

Das Verfahren nach einem der vorstehenden An-
spriiche, wobei der Schlussfolgerungsschritt ein Er-
gebnis in Hinblick auf eine Insassenmigration er-
zeugtund das Ergebnis als schllssig akzeptiert wird.

Das Verfahren nach einem der Anspriiche 1 bis 5,
wobei dann, wenn der Schlussfolgerungsschritt ein
positives Ergebnis in Bezug auf eine Insassenmig-
ration erzeugt, auf den Schlussfolgerungsschritt ein
Validierungsschritt folgt.

Das Verfahren nach Anspruch 7, wobei die Validie-
rungsprifung Folgendes enthalt

Andern von mindestens einem von dem Druck
in der Kopfprufzone (62) und von dem Druck in
der FulRprifzone (66) als Reaktion auf das
schlussgefolgerte positive Ergebnis;
Bestimmen eines abgeleiteten Wertes fiir den
Kopfenddruck auf Basis der Druckanderung in
der Kopfzone (62) und/oder Bestimmen eines
abgeleiteten Wertes fiir den FuBenddruck auf
Basis der Druckanderung in der Fuf3zone (66);
und

Durchfiihren eines Vergleichs des abgeleiteten
Wertes oder der abgeleiteten Werte fiir den
Druck und eines zugeordneten Schwellenwer-
tes fUr den abgeleiteten Druckwert; und
Ruckschlie3en, als Reaktion auf den Durchfiih-
rungsschritt, ob eine Insassenmigration stattge-
funden hat oder nicht.

Das Verfahren nach Anspruch 8, wobei nach einem
Ruckschluss auf eine Insassenmigration ein oder
mehrere Schritte folgen, umfassend:

Ausgeben eines Alarms;

Ergreifen einer Malnahme, die darauf abzielt,
eine zusatzliche Migration zu vermindern; und

Ergreifen einer MalRnahme, um nachteilige Wir-
kungen der Migration vermindern.

10. Das Verfahren nach Anspruch 8 oder Anspruch 9,
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wobei

die Druckanderung ein Druckanstieg ist; und
der Riickschlussschritt positiv in Bezug auf eine
Insassenmigration ist, wenn mindestens eines
von Folgendem auftritt:

der abgeleitete Druckwert fiir die Kopfzone
ist schneller als der Schwellenwert fiir den
abgeleiteten Druckwert, welcher der Kopf-
zone zugeordnet ist; und

der abgeleitete Druckwert fiir die FuRzone
istlangsamer als der Schwellenwert fiir den
abgeleiteten Druckwert, welcher der
Fulzone zugeordnet ist.

Ein Bett, das einen Rahmen (30), eine von dem Rah-
men (30) getragene Matratze (60), wobei die Matrat-
ze (60) eine Kopfzone (62) mit mindestens einer mit
Flussigkeitsdruck beaufschlagbaren Blase (64) und
eine Fuzone (66) mit mindestens einer mit Flissig-
keitsdruck beaufschlagbaren Blase (68) beinhaltet,
einen Druckwandler (92) zum Feststellen einer An-
derungsrate eines Flussigkeitsdrucks in der Kopf-
prufzone (62) und einen Druckwandler (92) zum
Feststellen einer Anderungsrate eines Fliissigkeits-
drucks in der FuBprifzone (66) und eine Steuerung
(110) umfasst, wobei die Steuerung (110) angepasst
ist, eine Druckanderungsrate in der Kopfzone (62)
mit mindestens einer Kopfendratengrenze zu ver-
gleichen, eine Druckanderungsrate in der Ful3zone
(66) mit mindestens einer FuBendratengrenze zu
vergleichen, und als Reaktion auf die Vergleichs-
schritte zu schlussfolgern, ob eine Insassenmigrati-
on aufgetreten ist oder nicht.

Die Personenstiitzvorrichtung nach Anspruch 11,
wobei die Kopfzone (62) und die Ful’izone (66) je-
weils mehrere Blasen (64, 68) enthalten.

Die Personenstutzvorrichtung nach Anspruch 11
oder Anspruch 12, wobei die Kopfzone (62) und die
FuRzone (66) durch einen Zwischenzone (80) langs
voneinander getrennt sind.

Die Personenstiitzvorrichtung nach Anspruch 13,
wobei eine oder mehrere Blasen (82) in der Zwi-
schenzone (80) liegen, wobei die Blasen (82) das
Hauptmedium zum Stiitzen eines Insassen der Ma-
tratze (60) in der Zwischenzone (80) sind.

Die Personenstiitzvorrichtung nach Anspruch 13,
wobei ein von der einen oder den mehreren Blasen
verschiedenes Medium in der Zwischenzone (80)
liegt und das Hauptmedium zum Stitzen eines In-
sassen der Matratze (60) in der Zwischenzone (80)
ist.
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Revendications

Procédé, utilisant un contréleur (110), destiné a dé-
tecter un changement de position d’un occupant sur
une surface de support ayant une zone de test de la
téte (62) avec au moins une poche de test de la téte
(64) etune zone de testdes pieds (66) avec au moins
une poche de test des pieds (68), le procédé
comprenant :

I'établissement, a I'aide d’'un capteur de pres-
sion (92), d’'un taux de variation de la pression
du fluide dans la zone de test de la téte (62) ; et
I'établissement, a I'aide d’'un capteur de pres-
sion (92), d’'un taux de variation de la pression
du fluide dans la zone de test des pieds (66) ;
la comparaison du taux de variation de la pres-
siondanslazone detestdelatéte avecau moins
une limite du taux au niveau de la téte ;

la comparaison du taux de variation de la pres-
sion dans la zone de test des pieds avec au
moins une limite du taux au niveau des pieds ; et
la déduction, en réponse aux étapes de compa-
raison, du fait que le déplacement de I'occupant
a eu lieu ou non.

Procédé selonlarevendication 1, comprenantla réa-
lisation, avant les étapes d’établissement, d’un test
permettant de déterminer si les pressions dans les
zones de test (62, 66) sont stables.

Procédé selon la revendication 1 ou la revendication
2, dans lequel le taux de variation de la pression au
niveau de la téte établi est comparé aux limites su-
périeure et inférieure du taux au niveau de la téte et
le taux de variation de la pression au niveau des
pieds établi est comparé aux limites supérieure et
inférieure du taux au niveau des pieds.

Procédé selon larevendication 3, danslequel I'étape
de déduction produit un résultat positif pour le dé-
placement de I'occupant si le taux de variation de la
pression au niveau de la téte établi ne dépasse pas
la limite supérieure du taux au niveau de la téte et
ne dépasse pas la limite inférieure du taux au niveau
de la téte, et si le taux de variation de la pression au
niveau des pieds établi ne dépasse pas la limite su-
périeure du taux au niveau des pieds et ne dépasse
pas la limite inférieure du taux au niveau des pieds.

Procédé selon larevendication 3, danslequel I'étape
de déduction produit un résultat positif pour le dé-
placement de I'occupant si le taux de variation de la
pression au niveau de la téte établi ne dépasse pas
la limite supérieure du taux au niveau de la téte et
ne dépasse pas la limite inférieure du taux au niveau
de la téte, ou si le taux de variation de la pression
au niveau des pieds établi ne dépasse pas la limite
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supérieure du taux au niveau des pieds et ne dépas-
se pas la limite du taux au niveau des pieds.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'étape de déduction pro-
duit un résultat relatif au déplacement de I'occupant
et le résultat est accepté comme concluant.

Procédé selon 'une quelconque des revendications
1 a 5, dans lequel, sil'étape de déduction produit un
résultat positif pour le déplacement de I'occupant,
I’étape de déduction est suivie d’'une étape de vali-
dation.

Procédé selon la revendication 7, dans lequel le test
de validation comprend

la modification d’au moins un élément parmi la
pression dans la zone de test de la téte (62) et
la pression dans la zone de test des pieds (66)
en réponse au résultat positif déduit ;

la détermination de la dérivée de la pression de
I'extrémité de téte en fonction de la variation de
la pression dans la zone de la téte (62) et/ou la
détermination de la dérivée de la pression de
I’'extrémité de pieds en fonction de la variation
de la pression dans la zone des pieds (66) ; et
la réalisation d’une comparaison de la dérivée,
ou des dérivées, de la pression avec un seuil de
dérivée de la pression associée ; et
laconclusion,enréponse al'étape de réalisation
de la comparaison, selon laquelle un déplace-
ment de 'occupant a eu lieu ou non.

Procédé selon la revendication 8, dans lequel une
conclusion relative au déplacement de I'occupant
est suivie par une ou plusieurs étapes comprenant :

I’émission d’'une alarme ;

lamise en ceuvre d’'une mesure visanta atténuer
un déplacement supplémentaire ; et

lamise en ceuvre d’'une mesure visanta atténuer
les effets négatifs du déplacement.

10. Procédé selonlarevendication 8 ou la revendication

9, dans lequel

la variation de la pression est une augmentation
de la pression ; et

I’étape de conclusion donne un résultat positif
pour le déplacement de I'occupant si au moins
un des éléments suivants a lieu :

la dérivée de la pression pour la zone de la
téte est plus rapide que le seuil de dérivée
dela pression associée ala zone de la téte ;
et

la dérivée de la pression de la zone des
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pieds est plus lente que le seuil de dérivée
de la pression associée a lazone des pieds.

Lit comprenant un cadre (30) et un matelas (60) re-
posant sur le cadre (60), le matelas comprenant une
zone de téte (62) ayant au moins une poche conte-
nant un fluide pouvant étre mis sous pression (64)
et une zone de pieds (66) ayant au moins une poche
contenant un fluide pouvant étre mis sous pression
(68), un capteur de pression (92) permettant d’établir
un taux de variation de la pression du fluide dans la
zone test de téte (62) et un capteur de pression (92)
permettant d’établir un taux de variation de la pres-
sion du fluide dans la zone test de pieds (66) et un
contréleur (110), dans lequel le controleur (110) est
adapté pour comparer un taux de variation de la
pression dans la zone de téte (62) avec au moins
une limite du taux pour I'extrémité de téte et pour
comparer un taux de variation de la pression dans
la zone de pieds (66) avec au moins une limite du
taux pour I'extrémité de pieds ; et déduire, en répon-
se aux étapes de comparaison, si le déplacement
de I'occupant a eu lieu ou non.

Appareil de support de personne selon la revendi-
cation 11, dans lequel la zone de téte (62) etla zone
de pieds (66) comprennent toutes deux plusieurs po-
ches (64, 68).

Appareil de support de personne selon la revendi-
cation 11 ou la revendication 12, dans lequel la zone
de téte (62) et la zone de pieds (66) sont longitudi-
nalement séparées l'une de I'autre par une zone in-
termédiaire (80).

Appareil de support de personne selon la revendi-
cation 13, dans lequel une ou plusieurs poches (82)
sont placées dans la zone intermédiaire (80), les po-
ches (82) étant le milieu principal de support de I'oc-
cupant du matelas (60) dans la zone intermédiaire
(80).

Appareil de support de personne selon la revendi-
cation 13, dans lequel un milieu autre que la ou les
poches est placé dans la zone intermédiaire (80) et
est le milieu principal de support de I'occupant du
matelas (60) dans la zone intermédiaire (80).
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