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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to patient support
apparatuses, such as beds, stretchers, cots, or the like,
and more particularly to patient support apparatuses that
monitor one or more conditions of the patient while the
patient is positioned on the support apparatus.

[0002] A patient’'s health status is typically evaluated
by reference to a plurality of vital signs, such as a pulse
rate and breathing rate. When these vital signs fall below
or rise above normal readings, a patient is usually in dis-
tress and requires quick attention by healthcare profes-
sionals. It is therefore desirable for health care profes-
sionals to know these vital sign readings.

[0003] U.S. Patent 5,620,003 issued to Sepponen dis-
closes a measuring support, which may be applied in a
domestic bathroom scale. The measuring support in-
cludes a transforming element T, which may be a strain
gauge transducer, that is used to detect both a person’s
weight and the person’s pulse. With the appropriate in-
tegration and/or multiplication, the pulse rate can be con-
verted to measurements of stroke volume (SV) and car-
diac output (CO) as well. As shown in FIG. 1 and de-
scribed in col. 2, lines 26-35, the pulse rate is able to be
detected by the transforming element T because of the
turns in the person’s aorta. This turn produces a force
FO directed toward the head P of the patient. Because
this force is directed in a direction perpendicular to the
plane of support S, this force will cause compression or
expansion of transforming element T, which is detected
by element T and processed into a pulse rate. Measuring
a person’s breathing rate is not disclosed.

[0004] Japanese patent publication 2005 177471 dis-
closes a bed having number of strain gauges 40a and
40b that are incorporated into a head section 3 of the
bed. ,The strain gauges are used to detect biological ac-
tivity of a patient supported thereon, such as breathing
rate and/or heart rate. In all of the different embodiments,
the strain gauges 40a and 40b are incorporated into the
surface constitutive member 2--specifically into the head
section 3 of member 2. The strain gauges do not measure
the forces exerted by a load frame thereon wherein the
load frame supports a support deck having multiple sec-
tions.

[0005] Japanese patent publication 2003 210434 dis-
closes a bio-information acquiring device that has a her-
metically closed pneumatic sound chamber. The sound
chamber senses vibrations that are due to respiration,
heartbeat, and other causes. The sound chamber in-
cludes an omnidirectional microphone for detecting var-
iationsinthe pneumatic pressure therein. The sound sen-
sors may be attached to the leg of a chair or bed, or they
may be incorporated into the floor.

[0006] US patent publication 2006/0028350 discloses
a hospital bed having a plurality of load cells that are use
to determine the location and movement of a patient on
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the bed. A controller reads the load cells and detects
changes in the distribution of patient weight among the
plurality of load cells. The controller may also account
for the installation or removal of medical equipment or
other tare weights on the bed. The load cells do not detect
any vital signs of the patient.

[0007] According to the presentinvention, there is pro-
vided a patient support apparatus as claimed in Claim 1.

DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1 is a perspective view of a patient support ap-
paratus according to one aspect of the present in-
vention shown with a head section of a patient sup-
port deck pivoted to an elevated position;

FIG. 2 a side, elevational view of the patient support
apparatus of FIG. 1 shown with the patient support
deck pivoted to a horizontal orientation and with var-
ious components removed for clarity, such as the
side rails and head rails;

FIG. 3is a perspective view of an intermediate frame
of the patient support apparatus of FIG. 1 illustrating
the location of four load cells;

FIG. 4 is a perspective, exploded view similar to that
of FIG. 3 showing a load frame positioned above the
intermediate frame;

FIG. 5 is a perspective view of a portion of the load
frame and intermediate frame of FIGS. 3 and 4 illus-
trating an electronic controller;

FIG. 6 is a graph of weight versus time generated
by the measurements of one of the load cells taken
when no person was supported on the patient sup-
port apparatus;

FIG. 7 is a graph of the Fast Fourier Transform of
the graph of FIG. 6;

FIG. 8 is a graph of weight versus time generated
by the measurements of one of the load cells taken
when a person was lying substantially motionless on
his back on the patient support apparatus;

FIG. 9 is a graph of the Fast Fourier Transform of
the graph of FIG. 8 taken over an interval of 6.35
seconds;

FIG. 10 is a graph of the Fast Fourier Transform of
the graph of FIG. 8 taken over an interval of 12.75
seconds;

FIG. 11 is a graph of the Fast Fourier Transform of
the graph of FIG. 8 taken over an interval of 204.8
seconds;

FIG. 12 is a graph of weight versus time generated
by the measurements of one of the load cells taken
when a person was lying substantially motionless on
his side on the patient support apparatus;

FIG. 13 is a graph of the Fast Fourier Transform of
the graph of FIG. 12 taken over an interval of 40.95
seconds;

FIG. 14 is a graph of weight versus time generated
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by the measurements of one of the load cells taken
when a person was lying substantially motionless on
his stomach on the patient support apparatus;

FIG. 15 is a graph of the Fast Fourier Transform of
the graph of FIG. 14 taken over an interval of 40.95
seconds;

FIG. 16 is a graph of weight versus time generated
by the measurements of one of the load cells taken
when a person was in the sitting-up position on the
patient support apparatus; and

FIG. 17 is a graph of the Fast Fourier Transform of
the graph of FIG. 16 taken over an interval of 40.95
seconds.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The present invention will now be described
with reference to the accompanying drawings wherein
the reference numerals appearing in the following written
description correspond to like-numbered elements in the
several drawings. The methods and systems of the
present invention may be incorporated into any known
bed, stretcher, cot, or other type of patient support ap-
paratus having one or more force sensors, as will be dis-
cussed in greater detail below. One such patient support
apparatus that may incorporate the systems and meth-
ods of the present invention is patient support apparatus
20, depicted in FIG. 1. Patient support apparatus 20 in-
cludes a base 22, an intermediate frame 24, a load frame
26, and a support deck 28. Base 22 may include one or
more castered wheels 30 and a fifth wheel 32 that is
moveable between a raised position out of contact with
the ground and a lowered position in contact with the
ground, the latter position facilitating steering of patient
support apparatus 20. Intermediate frame 24 is support-
ed on base 22 by way of a pair of lift arms 34. Lift arms
34 are pivotably coupled to base 22 such that their piv-
oting enables the height and angular orientation of inter-
mediate frame 24 to be adjusted with respect to base 22.
Load frame 26 is supported on intermediate frame 24
and load frame 26 supports support deck 28. Support
deck 28 is adapted to support a mattress or other type
of sleep surface that comfortably supports a patient. Sup-
port deck 28 includes a head section 36, a seat section
38, a thigh section 40, and foot section 42. Sections 36,
38, 40, and 42 are all pivotably coupled to each other
and/or load frame 26 such that they can articulate be-
tween the flat, horizontal orientation of FIG. 2 and various
raised orientations, one of which is illustrated in FIG. 1.
Further details of the construction of patient support ap-
paratus 20 can be found in commonly-assigned, copend-
ing U.S. application Serial No. 11/362,543 filed February
23, 2006 by applicants Guy Lemire et al., and entitled
Hospital Patient Support.

[0010] Patient support apparatus 20 includes a plural-
ity of force sensors 44 positioned between intermediate
frame 24 and load frame 26 (FIGS. 3-4). Force sensors
44 may be any type of sensors that are capable of de-
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tecting the forces exerted by load frame 26 onto interme-
diate frame 24. In one embodiment, force sensors 44
may be any type of conventional load cell, such as, but
not limited to, hydraulic load cells, pneumatic load cells,
mechanical load cells, strain gauge load cells, bending
beam load cells, shear beam load cells, canister load
cells, ring and pancake load cells, button and washer
load cells, helical load cells, fiber optic load cells, and
piezoelectric load cells.

[0011] Force sensors 44 are positioned at each of four
corners 46 of intermediate frame 24 (FIGS. 3-4). Force
sensors 44 each include a pair of vertical fastener aper-
tures 48 that receive corresponding fasteners 50, such
as, but not limited to, screws and/or bolts and nuts. Fas-
teners 50 also pass through a pair of fastener apertures
52 on intermediate frame 24, thereby securing force sen-
sors 44 to intermediate frame 24. Force sensors 44 are
dimensioned to fit within a rectangular opening 54 de-
fined at each end of a longitudinal support rail 56. Inter-
mediate frame 24 includes a pair of longitudinal support
rails 56 that are parallel to each other and positioned
along the sides of patient support apparatus 20.

[0012] In the illustrated embodiment, each force sen-
sor 44 includes an aperture 58 having a generally hori-
zontal axis. A pair of collars 60 are inserted into either
side of aperture 58 and positioned therein. A fastener 62,
such as, but not limited to, a screw and/or a bolt and nut,
is inserted through a horizontal fastener aperture 64 po-
sitioned generally on the underside of load frame 26. Fas-
tener 62 also passes through collars 60, thereby securing
load frame 26 to intermediate frame 24. Load frame 26
is supported on intermediate frame 24 only at the corners
46 of intermediate frame 24. More specifically, load frame
26 is completely supported on intermediate frame 24 by
way of force sensors 44. Thus, the entire weight of load
frame 26, as well as all the other structures supported
by load frame 26 (including any patient on support deck
28) will be measured by force sensors 44. Force sensors
44 can thus be used to measure the weight of a patient
positioned on support deck 28 by simply subtracting the
tare weight of the non-patient items from the gross weight
measured by the force sensors 44. The resulting net
weight is the weight of the patient.

[0013] Each of the force sensors 44 includes a cable
66 over which electrical signal indicative of the forces
sensed by force sensors 44 are transmitted. The electri-
cal signals carried by cables 66 are transmitted to a con-
troller 68 (FIG. 5). The transmitted signals may be am-
plified by an amplifier (not shown) prior to being trans-
mitted over cables 66, or they may be amplified by an
amplifier adjacent to, or part of, controller 68, or they may
not need to be amplified at all. Once controller 68 receives
the electrical signals from cables 66, it processes them
in a manner that will be described below in order to gather
and determine various characteristics about a patient ly-
ing on support deck 28, such as the patient’s heart rate,
breathing rate, and/or whether the patient is experiencing
a seizure or not.
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[0014] The basic principle of various aspects of the
presentinvention is that a person lying on a sleep surface
positioned on support deck 28 will exert changing forces
onto one or more of force sensors 44, and those changes
can be monitored to determine useful information about
the patient. For example, the beating of the patient’s heart
will exert small forces that are transferred to the support
deck, and from the support deck to load frame 26 where
they are detected by the force sensors 44. As another
example, the patient’s breathing creates forces that are
transferred to the patient support deck 28 and load frame
26, where they are detected by force sensors 44. Still
further, if a patient experiences a seizure, the movement
of the patient’s limbs and/or body will generate forces on
support deck 28 that are transferred, via load frame 26,
to force sensors 44. Force sensors 44 detect all of these
various kinds of forces and convert them into electrical
signals 70 (see, e.g. FIG. 6), which are then passed by
cables 66 to controller 68 which performs an analysis of
the data contained within the electrical signals 70.
[0015] Controller 68 may do several things with the
electrical signals 70, one of which is the calculation of
Fast Fourier Transforms. As is known in the art, the cal-
culation of a Fourier Transform generates a spectrum
illustrating the various frequency components of a time
domain signal. As will be discussed below, the frequency
spectrum generated by the Fast Fourier Transforms can
be utilized by controller 68 in order to determine various
characteristics about the patient. In addition to calculating
the Fast Fourier Transforms of the electrical signals 70
from cables 66, controller 68 may also perform low-pass
and band-pass filtering of signals 70. The low-pass filter-
ing may be designed to remove those frequency compo-
nents that are not needed for the analyses described
herein. As will be discussed more below, the frequencies
of interest for determining the patient’s heart rate are pri-
marily the second and third harmonics of the patient’s
heart rate. Thus, the low-pass filter should not, at a min-
imum, eliminate frequencies less than three times that
of the maximum heart rate desired to be detected. The
band-pass filtering may be used to remove the sixty hertz
electrical noise from the electrical power supply.

[0016] Controller 68 may also combine the signals 70
from two or more of the force sensors 44 as part of the
data analysis carried out by controller 68. The choice of
which signals 70 to combine may be based upon changes
in the center of gravity of the patient on support deck 28.
The center of gravity of the patient may be determined
by controller 68, or some other processing device, based
upon the force signals generated by force sensors 44.
One method by which controller 68, or another process-
ing device, may determine the patient’s center of gravity
from force sensors 44 is disclosed in commonly-assigned
U.S. Patent No. 5,276,432, issued to Travis on January
4,1994.

[0017] FIGS. 6-17 depict data that was generated from
the measurements of a single force sensor 44 implement-
ed as a load cell and positioned at the left, head end of
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a patient support apparatus. The patient support appa-
ratus upon which these readings were taken was sub-
stantially similar to support apparatus 20. The various
data depicted in these drawings correspond to different
locations of a patient, as well as different time intervals
for the various Fast Fourier Transforms illustrated there-
in, as will be discussed in greater detail below.

[0018] FIG. 6 depicts a graph of the signal 70 output
from a single force sensor 44 taken when no patient was
positioned on the support deck of the patient apparatus.
As can be seen, the load cell measures a force of ap-
proximately 59.75kg (131.7 Ibs), with very minor varia-
tions, over the course of a ten second time interval. This
graph indicates the baseline fluctuation of the force sen-
sor 44 when no patient is present.

[0019] FIG.7 depicts the Fast Fourier Transform of the
graph of FIG. 6. FIG. 7 thus shows the frequency com-
ponents of the graph of FIG. 6. As can be seen from FIG.
7, the frequency spectrum is almost uniformly close to
zero for substantially all frequencies.

[0020] FIG. 8 depicts the graph of the signal 70 output
from a single force sensor 44 taken when a patient was
lying down on his back on the support deck. As can be
seen in FIG. 8, the signal 70 has eleven peaks 72 and
ten valleys 74 over the forty second time interval depicted
in FIG. 8. Peaks 72 and valleys 74 correspond to the
breathing rate of a patient positioned on support deck
28. Controller 68 may be programmed to calculate a
breathing rate from these peaks and valleys. In the graph
of FIG. 8, the first peak 72 occurs at about 101 seconds,
while the last valley 74 occurs at about 138.5 seconds.
Thus, between 101 and 138.5 seconds, there are ten
complete cycles illustrated in FIG. 8. This corresponds
to a breathing rate of approximately 3.75 seconds per
breath [(138.5 - 101)/10 = 3.75]. A breathing rate of 3.75
seconds per breath translates into a breathing rate of
sixteen breaths per minute [(1/3.75) * 60 = 16]. A person
skilled in the art would be able to program controller 68,
which may include one or more conventional microproc-
essors with suitable RAM and/or other memory, to ana-
lyze the time domain signal 70 of force sensor 44 in order
to calculate a breathing rate of the patient.

[0021] FIG. 9 illustrates a Fast Fourier Transform of
the time domain signal 70 of FIG. 8 taken over a time
interval of 6.35 seconds. Controller 68 may be pro-
grammed to carry out this Fast Fourier Transform, or an-
other controller having one or more microprocessors and
suitable memory, may be programmed to calculate this
Fast Fourier Transform. As can be seen in FIG. 9, the
chart has three major peaks. The leftmost peak 76 cor-
responds to a breathing rate of the patient. The second
to leftmost peak 78 corresponds to a second harmonic
of the patient’s heart beat. The rightmost peak 80 corre-
sponds to the third harmonic of the patient’s heart beat.
[0022] Controller 68 may be programmed to automat-
ically analyze the Fast Fourier Transforms of the signals
70 generated by force sensors 44, such as the Fast Fou-
rier Transform depicted in FIG. 9. Such analysis may be



7 EP 2 040 614 B1 8

used to determine the patient’s heart rate and/or breath-
ingrate. Using FIG. 9 as an example, the patient’s breath-
ing rate can be determined from the breathing rate peak
76. In FIG. 9, breathing rate peak 76 occurs at approxi-
mately 0.28 hertz. This corresponds to a breathing rate
of about 16.8 breathes per minute [60 * 0.28 = 16.8]. This
matches closely with the breathing rate of 16 breathes
per minute that was calculated above using the time do-
main signal 70 of FIG. 8. (The discrepancy can be ac-
counted for due to the different time periods over which
the breathing rate was measured: the FIG. 8 calculation
used a time period of 37.5 seconds while the FIG. 9 cal-
culation used a time period of 6.35 seconds).

[0023] In addition to determining a patient’s breathing
rate, controller 68 may further be programmed to deter-
mine the patient’s heart rate using the Fast Fourier Trans-
form of signal 70. This can be accomplished by looking
at the peaks 78 and 80, which, as noted, correspond to
the second and third harmonics of the patient’'s heart
beat, respectively. Using FIG. 9 as an example, peak 78
occurs approximately at 2.2 hertz and peak 80 occurs
approximately at 3.9 hertz. Since these peaks represent
the second and third harmonics of the patient’'s heart
beat, the first harmonic can be easily calculated by either
dividing the second harmonic frequency by two, or divid-
ing the third harmonic frequency by three. If the results
of these two different computations differ, it may be ben-
eficial to compute an average of the two.

[0024] Inthe example of FIG. 9, the patient’s heart rate
can be calculated by dividing the frequency at peak 78
(approximately 2.2 hertz) by two to obtain a value of 1.1
hertz. Alternatively, the patient’s heart rate can be calcu-
lated by dividing the frequency at peak 80 (approximately
3.9) by three to obtain a value of 1.3 hertz. Because this
value differs from the 1.1 hertz value calculated using
peak 78, the two values can be averaged together. Such
an averaging would yield a heart rate of 1.2 hertz [(1.3 +
1.1)%2 = 1.2], which translates into a heart rate of 72
beats per minute.

[0025] FIG. 10 illustrates a Fast Fourier Transform of
the signal 70 of FIG. 7 taken over a time interval of 12.75
seconds, which is greater than the time interval of FIG.
8. While this graph shows that the peak 80 of the third
harmonic has been diminished, it is still possible for con-
troller 68 to calculate both the patient’s heart rate and
breathing rate from this graph. The breathing rate is de-
fined by peak 76 which, in FIG. 8, is located at approxi-
mately 0.24 hertz, corresponding to a breathing rate of
about 14.4 breathes per minute. The heart rate can be
determined by dividing the frequency of the second har-
monic peak 78 by two. In FIG. 10 this yields a heart rate
of approximately 1.125 hertz [2.25/2 = 1.125], or 67.5
beats per minute. Alternatively, the heart rate can be cal-
culated using the frequency at the third harmonic peak
80, which occurs approximately at 3.9 hertz. Dividing this
frequency by three, yields a heart rate of 1.3 hertz, which
can either be used alone as the heart rate, or can be
combined with the heartrate generated from the frequen-
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cy of second peak 78. The combination of the two heart
rates can be done by averaging, or by any other suitable
mathematical technique.

[0026] FIG. 11 illustrates another Fast Fourier Trans-
form of the time domain signal 70 of FIG. 8 taken over a
time interval of 204.8 seconds. As can be seen, peaks
76, 78, and 80 are clearly defined and the breathing rate
and/or heart rate of a patient can be determined from
these peaks using any of the methods described above.
While the peaks of FIG. 11 are clearly defined, this clarity
comes at a cost of a relatively lengthy time interval of
204.8 seconds. In some situations, this "cost" may be
perfectly acceptable, and in other situations, this "cost"
may desirably be avoided. In general, the longer the time
period used for the Fast Fourier Transform, the clearer
the peaks. However, in general, the longer the time period
used in the Fast Fourier Transforms, the less often one
can determine the heart rate and/or breathing rate. Thus,
longer time intervals can be useful for accurately deter-
mining relatively steady heart rates and/or breathing
rates, while longer time intervals may be less effective
for determining short term trends and/or changes. A per-
son skilled in the art would be able to choose the most
suitable time interval for a given situation, and the present
invention contemplates, in addition to using a single time
interval, using time intervals of different durations at dif-
ferent times, as well as using different time intervals for
two or more of the force sensors 44.

[0027] FIG. 12 illustrates a time domain signal 70 gen-
erated by a force sensor 44 while a patient was lying on
his side on top of the support deck of a patient support
apparatus. The peaks 72 and valleys 74 corresponding
to the patient’s breathing rate are evident, and controller
68 could be programmed to determine the patient’s
breathing rate directly from time domain signal 70. Alter-
natively or additionally, controller 68 could be pro-
grammed to determine the patient’s breathing rate using
a Fast Fourier Transform of the time domain signal.
[0028] FIG. 13 illustrates a Fast Fourier Transform of
the time domain signal 70 of FIG. 12 taken over a time
interval of40.95 seconds. Peaks 76, 78, and 80 are clear-
ly visible and can be used to determine heart rate and/or
breathing rate in the manner described above.

[0029] FIG. 14 illustrates a time domain signal 70 gen-
erated by a force sensor 44 while a patient was lying on
his stomach on top of the support deck of a patient sup-
portapparatus. The peaks 72 and valleys 74 are evident,
and controller 68 could determine a patient’s breathing
rate directly from the time domain signal 70 of FIG. 14.
[0030] FIG. 15 illustrates a Fast Fourier Transform of
the time domain signal 70 of FIG. 14 taken over a time
interval of 40.95 seconds. Peaks 76 and 78 are clearly
visible, and these are sufficient for controller 68 to deter-
mine either or both of the patient’s heart rate and breath-
ing rate in the manner described above.

[0031] FIG. 16 illustrates a time domain signal 70 gen-
erated by a force sensor 44 while a patient was sitting
up on top of the support deck of a patient support appa-
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ratus. This data was generated when the person’s torso
was not in contact with the head section 36 of the patient
support deck. Thus, the vibrations of the patient’'s heart
beat were likely muted by the patient’s body, thereby ex-
plaining the lack of clear second and third harmonic heart
beat peaks 78 and 80 (FIG. 17). FIG. 18, however, does
show a breathing rate peak 76, and FIG. 17 also shows
peaks and valleys 72 and 74. Consequently, a patient’s
breathing rate could be calculated either from the direct
time domain signal 70 or a Fast Fourier Transform of
those signals.

[0032] The charts of FIGS. 6-17 demonstrate the via-
bility of using one or more force sensors 44 to determine
and monitor one or more of a patient’s conditions. While
FIG. 17 suggests that it may be difficult to determine a
patient’s heart rate while the person is sitting up on the
patient support apparatus, additional signal processing
could be done to mitigate this difficulty. The charts of
FIGS. 6-17 thus confirm the usefulness of monitoring the
fluctuations of force sensors to determine one or more
characteristics about a patient positioned on a support
apparatus, such as patient support apparatus 20.
[0033] In addition to monitoring the breathing rate
and/or heart rate of a patient, controller 68 can also be
configured to determine if a patient is experiencing a sei-
zure or not. In order to detect seizures, controller 68 mon-
itors the amplitude of signals 70 for repetitive fluctuations
that exceed a predetermined magnitude over a prede-
termined time period. Such monitoring may be done on
signals that are notfiltered, or that are filtered in a different
manner than is done to the signals used to monitor the
patient’s heart rate and/or breathing rate. The predeter-
mined magnitude and predetermined time that the fluc-
tuations of signal 70 has to exceed in order to qualify as
a seizure may be adjustably set by a health care attend-
ant so as to be able to be specifically tailored to a partic-
ular patient. Alternatively, the predetermined magnitude
of the changes from one or more force sensors 44 may
be based upon a percentage of the patient’s resting
weight such that a lighter patient won’'t have to cause as
great of amplitude variations in signal 70 as a heavier
person would before controller 68 determined a seizure
was occurring. Because the movements of a patient ex-
periencing a seizure generally occur at random, it is not
necessary to calculate a Fast Fourier Transform of the
signals 70 in order to detect a seizure.

[0034] Controller 68 may further be configured so as
to issue one or more alerts or alarms if one or more of a
variety of conditions occur. Controller 68 may be pro-
grammed to issue an alert or alarm if either of the breath-
ing rate and/or pulse rate rises above, or drops below,
predetermined levels. The predetermined levels may be
adjustable by a health care attendant either through a
control panel (not shown) on patient support apparatus
20 having a user interface that allows the attendant to
input desired levels, or through a connection to a remote
computer, or computer network, to which patient support
apparatus 20 may be in electronic communication. Ad-
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ditionally or alternatively, controller 68 may be configured
to issue an alert if either of the breathing rate or heart
rate experiences a change that exceeds a specified
amount over a specified time period, wherein the speci-
fied amount and specified time period may be set by
health care attendants. Further, controller 68 may desir-
ably be configured to issue an alert if forces are detected
on one or more force sensors 44 that are indicative of a
potential seizure. Controller 68 may also issue an alert
if it is unable to detect a heart rate and/or a breathing
rate. The particular alert or alarm issued by controller 68
can take on any form that is suitable for a given environ-
ment, and may include visual and/or audio indications
generated by patient support apparatus 20, or it may in-
clude the transmission of an alert or alarm signal to a
remote location, such as a hospital computer network,
thatthen processes the signal in the correctmanner, such
as by forwarding it to a nurse’s station.

[0035] Controller 68 may determine heart rate, breath-
ing rate, and seizure status of a patient based upon the
output of only a single force sensor 44, or it may make
one or more of those determinations based upon the out-
put (i.e. signals 70) of more than one force sensor 44. In
the cases where more than one force sensor 44 is used
to determine heart rate, breathing rate, and/or patient
seizure status, the processing of signals 70 from each
force sensor 44 can be accomplished through any suit-
able combinations of the signals, such as by processing
each signal individually and then combining the results
in an appropriate manner (such as averaging), or by com-
bining one or more of the signals prior to processing, or
at some point prior to the final processing of the signals.
[0036] Still further, the particular manner in which con-
troller 68 processes the signals may vary depending up-
on other circumstances or conditions of patient support
apparatus 20. For example, if controller 68 is adapted to
determine the patient’s center of gravity, controller 68
could be configured to assign a greater weight to the
signals 70 coming from the force sensor 44 closest to
the center of gravity. Alternatively, controller 68 may as-
sign a greater weight to the two closest force sensors 44
to the center of gravity. Additionally, controller 68 may
be in communication with one or more angle sensors that
determine the angle of one or more of the sections 36,
38, and 40 of support deck 28. This angular information
could be used to alter the processing of the signals 70.
Still other circumstances or conditions of patient support
apparatus 20 can be taken into account when processing
the signals 70, if desired.

[0037] In addition to, or in lieu of, the Fast Fourier
Transform calculations made by controller 68 on the sig-
nals 70 coming from one or more force sensors 44, con-
troller 68 may perform other processing beyond that de-
scribed above to usefully enhance the data generated
by force sensors 44. One such type of processing may
involve digital signal processing that does not utilize any
Fast Fourier Transforms at all. Another such possible
processing may involve the computation of one or more
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Fast Fourier Transforms of a previously computed Fast
Fourier Transform. Such a multiple calculation of Fourier
Transforms is know as a cepstrum, and may provide ad-
ditional data that can be used to refine or assist in the
determination of the patient’s heart rate and/or breathing
rate. Controller 68 may also perform processing to sep-
arate or minimize the impact of normal patient movement
upon the calculations of heart rate, breathing rate, and/or
seizure detection. Such processing may take into ac-
count changes in the location of the patient’s center of
gravity, the angular orientation of support deck sections
36, 38, 40 and 42, or still other factors.

[0038] Controller 68 may also store the data of signals
70 and/or the Fast Fourier Transforms in a memory (not
shown) which can be read for displaying to attendant
personnel so that they can look at and manually analyze
the raw data. The memory may be located on patient
support apparatus 20, or it may be located at a location
remote from patient support apparatus, or both. If located
remotely, controller 68 may communicate the data by
any known means, such as a wire or cable connection,
or via any of a variety of different conventional wireless
communication techniques. Controller 68 may also be
located remotely from patient support apparatus 20 and
receive signals 70 via a wired or wireless connection to
patient support apparatus 20.

[0039] Because of the computational resources nec-
essary for calculating Fast Fourier Transforms, and/or
performing other computationally heavy digital signal
processing, controller 68 may include one or more proc-
essors specifically dedicated to the functions of monitor-
ing the force sensors 44. Alternatively, the one or more
processors of controller 68 may perform other patient
support apparatus functions besides the monitoring of
forces sensors 44, such as the control of various motors,
the monitoring of other medical equipment and/or patient
support apparatus sensors, and other tasks. Still further,
controller 68 may have some components physically lo-
cated on patient support apparatus 20 and some com-
ponents located remotely that communicate in any suit-
able manner with each other. However controller 68 is
implemented, it is configured to carry out one or more of
the functions described herein.

[0040] In addition to determining a patient’s heart rate,
breathing rate, and or seizure status, controller 68 can
also be configured to determine a patient’'s weight from
force sensors 44. Such a determination of weight can be
carried out in a known manner by analyzing the signals
70 from the various force sensors 44. The monitoring of
the patient’s weight may also be performed as part of, or
separately from, a patient bed exit system in which con-
troller 68 issues an alert when it detects that the patient’s
weight has substantially or completely been lifted off of
patient support deck 28. Such a lifting of the patient’s
weight indicates the patient has left, or is about to leave,
patient support apparatus 20, and such information may
desirably be communicated to remote locations.

[0041] The system of one or more force sensors 44
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and controller 68 can be implemented on any patient sup-
port apparatus, not just the patient support apparatus 20
illustrated and described herein. Any patient support ap-
paratus, such as a bed, cot, stretcher, or the like, in which
one or more force sensors can be placed and their out-
puts analyzed can be adapted to include the monitoring
system of the presentinvention. Such force sensors may
be placed in any location where they are capable of de-
tecting force changes caused by the breathing and heart
beating of the patient.

[0042] While the systems and methods discussed
herein have been previously described with reference to
calculations of Fast Fourier Transforms, it will be under-
stood by those skilled in the art that other mathematical
techniques besides Fast Fourier Transforms can be used
to carry out the systems and methods of the present in-
vention.

[0043] Another embodiment of the present invention
includes a method for analyzing forces exerted by a pa-
tient on a patient support, such as patient support appa-
ratus 20, or any other patient support. The method in-
cludes the simultaneous monitoring of one or more pa-
tient conditions of interest (e.g. heartrate, breathing rate,
seizure status, or others) via two sensors; or two sets of
sensors. The first sensor or sensor set is a sensor spe-
cifically adapted to measure the condition of interest
(such as a sleeve that directly measures a patient’s heart
rate, for example). The second sensor or sensor set is
the one or more force sensors 44. After readings from
the force sensors 44 are taken over a suitable time period,
those readings are compared with the measurements
from the first sensor (or first sensor set). The comparison
involves looking for correlations between the readings
from the first sensor (or first sensor set) and the second
sensor (or second sensor set). After such a correlation
is determined, the second sensor (or second sensor set)
can thereafter be used to determine the condition of in-
terest without the first sensor (or first sensor set) by ex-
amining the data from the second sensor (or sensor set)
and using the known correlation between that data and
the outputs of the first sensor (or sensor set). This method
is a generalized method that allows correlations between
force sensors 44 and various patient conditions to be
discovered and refined, such as the patient heart rate,
breathingrate, and seizure status, as well as other patient
conditions.

[0044] While the presentinvention has been described
herein in terms of several embodiments, it will be under-
stood by those skilled in the art that the present invention
is not limited to these particular embodiments, but in-
cludes any and all modification that are within the scope
and spirit of the invention as defined in the following
claims.

Claims

1. A patient support apparatus (20) comprising:
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asupportdeck (28) adapted to support a patient,
said support deck (28) including a plurality of
sections (36, 38, 40, or 42) pivotable with re-
spect to each other such that a position of a pa-
tient’s body supported on said support deck (28)
may be changed;

a load frame (26) supporting said support deck
(28);

an intermediate frame (24) secured to said load
frame (26);

force sensors (44) and a controller (68) in com-
munication with said force sensors (44), char-
acterized in that the force sensors are posi-
tioned at each of four corners (46) of intermedi-
ate frame (24), said force sensors being posi-
tioned intermediate said load frame and said in-
termediate frame, said force sensors (44) adapt-
ed to detect forces exerted from said load frame
(26) onto said force sensors (44), said force sen-
sors (44) outputting signals corresponding to
said forces; and

said controller (68) adapted to determine from
said signals a weight of the patient, a breathing
rate, and a heart rate of a patient positioned on
said support deck (28).

The apparatus (20) of claim 1 wherein said controller
(68) is adapted to calculate a Fast Fourier Transform
of said signals and use said Fast Fourier Transform
to determine the breathing rate and the heart rate.

The apparatus(20) of claim 2 wherein said controller
(68) determines the patient’s breathing rate by iden-
tifying a peak frequency in said Fast Fourier Trans-
form.

The apparatus (20) of claim 2 wherein said controller
(68) determines the patient’s heart rate by analyzing
a peak in said Fast Fourier Transform in order to
determine the heart rate.

The apparatus (20) of claim 4 wherein said controller
(68) calculates the heart rate by dividing said peak
by an integer.

The apparatus (20) of claim 4 wherein said controller
(68) analyzes a plurality of peaks in said Fast Fourier
Transform to determine the heart rate, said plurality
of peaks located at integer multiples of the heartrate.

The apparatus (20) of claim 1 further including a low
pass filter adapted to filter out frequencies in said
signals that exceed a selected frequency.

The apparatus (20) of any preceding claim wherein
said controller (68) is further adapted to analyze said
signals to determine if the patient is experiencing a
seizure.
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10.

1.

12.

The apparatus (20) of claim 1 wherein said controller
(68) is further adapted to monitor at least one of the
breathing rate and heart rate and issue a notification
to an attendant if the at least one of the breathing
rate and heart rate meets a criteria that may be set
by an attendant.

The apparatus (20) of claim 1 further including a plu-
rality of lifting arms (34) pivotably coupled to the base
(22) such that 10 their pivoting enables the height
and angular orientation of the intermediate frame
(24) to be adjusted with respect to the base (22).

The apparatus (20) of claim 1 wherein said controller
(68) is further adapted to determine a center of grav-
ity of a patient using said force sensors (44), and to
use said center of gravity to weight said signals when
determining said breathing rate and heart rate.

The apparatus (20) of claim 1 wherein said controller
(68) issues an alert when it detects that the patient’s
weight has substantially or completely been lifted off
of the support deck.

Patentanspriiche

1.

Patiententragevorrichtung (20), umfassend:

eine Tragerflache (28), die dazu angepasst ist,
einen Patienten zu tragen, wobei die Tragerfla-
che (28) eine Vielzahl von Abschnitten (36, 38,
40 oder 42) beinhaltet, die in Bezug aufeinander
drehbar sind, derart, dass eine Position eines
Korpers eines Patienten, der auf der Tragerfla-
che (28) getragen wird, gedndert werden kann;
einen Lastrahmen (26), der die Tragerflache
(28) tragt;

einen Zwischenrahmen (24), der an dem Last-
rahmen (26) gesichert ist;

Kraftsensoren (44) und eine Steuereinrichtung
(68) in Kommunikation mit den Kraftsensoren
(44), dadurch gekennzeichnet, dass die Kraft-
sensoren an jeder von vier Ecken (46) des Zwi-
schenrahmens (24) angeordnet sind, wobei die
Kraftsensoren zwischen dem Lastrahmen und
dem Zwischenrahmen angeordnet sind, wobei
die Kraftsensoren (44) dazu angepasst sind,
Krafte zu detektieren, die von dem Lastrahmen
(26) auf die Kraftsensoren (44) ausgeubt wer-
den, wobei die Kraftsensoren (44) Signale aus-
geben, die den Kraften entsprechen; und
wobei die Steuereinrichtung (68) dazu ange-
passt ist, anhand der Signale ein Gewicht des
Patienten, eine Atmungsfrequenz und eine
Herzfrequenz eines Patienten zu bestimmen,
der auf der Tragerflache (28) positioniert ist.
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Vorrichtung (20) nach Anspruch 1, wobei die Steu-
ereinrichtung (68) dazu angepasst ist, eine schnelle
Fourier-Transformation der Signale zu berechnen
und die schnelle Fourier-Transformation zum Be-
stimmen der Atmungsfrequenz und der Herzfre-
quenz zu verwenden.

Vorrichtung (20) nach Anspruch 2, wobei die Steu-
ereinrichtung (68) die Atmungsfrequenz des Patien-
ten durch Identifizieren einer Spitzenfrequenz in der
schnellen Fourier-Transformation bestimmt.

Vorrichtung (20) nach Anspruch 2, wobei die Steu-
ereinrichtung (68) die Herzfrequenz des Patienten
durch Analysieren einer Spitze in der schnellen Fou-
rier-Transformation bestimmt, um die Herzfrequenz
zu bestimmen.

Vorrichtung (20) nach Anspruch 4, wobei die Steu-
ereinrichtung (68) die Herzfrequenz durch Teilen der
Spitze durch eine Ganzzahl berechnet.

Vorrichtung (20) nach Anspruch 4, wobei die Steu-
ereinrichtung (68) eine Vielzahl von Spitzen in der
schnellen Fourier-Transformation analysiert, um die
Herzfrequenz zu bestimmen, wobei die Vielzahl von
Spitzen an ganzzahligen Vielfachen der Herzfre-
quenz angeordnet ist.

Vorrichtung (20) nach Anspruch 1, ferner aufwei-
send einen Tiefpassfilter, der dazu angepasst ist,
Frequenzen in den Signalen herauszufiltern, die ei-
ne ausgewahlte Frequenz lUbersteigen.

Vorrichtung (20) nach einem der vorangehenden
Anspriche, wobei die Steuereinrichtung (68) ferner
dazu angepasst ist, die Signale zu analysieren, um
zu bestimmen, ob der Patient einen Anfall erleidet.

Vorrichtung (20) nach Anspruch 1, wobei die Steu-
ereinrichtung (68) ferner dazu angepasstist, wenigs-
tens eine von der Atmungsfrequenz und der Herz-
frequenz zu Gberwachen und eine Meldung an einen
Pfleger auszugeben, wenn die wenigstens eine von
der Atmungsfrequenz und der Herzfrequenz ein Kri-
terium erfiillt, das von einem Pfleger festgelegt wer-
den kann.

Vorrichtung (20) nach Anspruch 1, ferner aufwei-
send eine Vielzahl von Hebearmen (34), die drehbar
an die Basis (22 gekoppelt ist, derart, dass 10 ihr
Drehen ein Anpassen der Hohe und Winkelausrich-
tung des Zwischenrahmens (24) in Bezug auf die
Basis (22) ermdglicht.

Vorrichtung (20) nach Anspruch 1, wobei die Steu-
ereinrichtung (68) ferner dazu angepasst ist, einen
Schwerpunkt eines Patienten mithilfe der Kraftsen-
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12.

soren (44) zu bestimmen und den Schwerpunkt zum
Gewichten der Signale zu verwenden, wenn die At-
mungsfrequenz und Herzfrequenz bestimmt wer-
den.

Vorrichtung (20) nach Anspruch 1, wobei die Steu-
ereinrichtung (68) einen Alarm ausgibt, wenn sie de-
tektiert, dass das Gewicht des Patienten im Wesent-
lichen oder vollstandig von der Tragerflache geho-
ben wurde.

Revendications

1.

2,

4.

Dispositif  (20)
comprenant :

pour supporter un patient

un plan de couchage (28) adapté pour supporter
un patient, ledit plan de couchage (28) compre-
nant une pluralité de segments (36, 38, 40 ou
42) pouvant pivoter les uns par rapport aux
autres de maniére a pouvoir changer la position
du corps du patient supporté sur ledit plan de
couchage (28) ;

un chéassis de charge (26) supportant ledit plan
de couchage (28) ;

un chéssis intermédiaire (24) fixé audit chassis
de charge (26) ;

des capteurs de force (44) et un contrdleur (68)
en communication avec lesdits capteurs de for-
ce (44), caractérisé en ce que les capteurs de
force sont placés a chacun des quatre coins (46)
du chassis intermédiaire (24), lesdits capteurs
de force étant placés entre ledit chassis de char-
ge et ledit chassis intermédiaire, lesdits cap-
teurs de force (44) étant adaptés pour détecter
les forces exercées par ledit chassis de charge
(26) sur lesdits capteurs de force (44), lesdits
capteurs de force (44) émettant des signaux cor-
respondant auxdites forces ; et

ledit contréleur (68) étant adapté pour détermi-
ner, d’aprés lesdits signaux, le poids du patient,
la fréquence respiratoire et la fréquence cardia-
qued’'un patient placé surleditplan de couchage
(28).

Dispositif (20) selon la revendication 1, dans lequel
ledit contrdleur (68) est adapté pour calculer la trans-
formée de Fourier rapide desdits signaux et utiliser
ladite transformée de Fourier rapide pour déterminer
la fréquence respiratoire et la fréquence cardiaque.

Dispositif (20) selon la revendication 2, dans lequel
ledit contréleur (68) détermine la fréquence respira-
toire du patient en identifiant une fréquence pic dans
ladite transformée de Fourier rapide.

Dispositif (20) selon la revendication 2, dans lequel
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ledit contréleur (68) détermine la fréquence cardia-
que du patient en analysant un pic dans ladite trans-
formée de Fourier rapide afin de déterminer la fré-
quence cardiaque.

Dispositif (20) selon la revendication 4, dans lequel
ledit contréleur (68) calcule la fréquence cardiaque
en divisant ledit pic par un entier.

Dispositif (20) selon la revendication 4, dans lequel
ledit contréleur (68) analyse une pluralité de pics
dans ladite transformée de Fourier rapide pour dé-
terminer la fréquence cardiaque, ladite pluralité de
pics étant située au niveau des multiples entiers de
la fréquence cardiaque.

Dispositif (20) selon la revendication 1, comprenant
en outre un filtre passe-bas adapté pour filtrer les
fréquences dans lesdits signaux qui excédent la fré-
quence sélectionnée.

Dispositif (20) selon I'une quelconque des revendi-
cations précédentes, dans lequel ledit contréleur
(68) est en outre adapté pour analyser lesdits si-
gnaux afin de déterminer si le patient est en crise
convulsive.

Dispositif (20) selon la revendication 1, dans lequel
ledit contréleur (68) est en outre adapté pour sur-
veiller au moins une constante parmi la fréquence
respiratoire et lafréquence cardiaque et émettre une
alerte pour un auxiliaire de soins si au moins la fré-
quence respiratoire ou la fréquence cardiaque ré-
pond a un critére pouvant étre paramétré par l'auxi-
liaire de soins.

Dispositif (20) selon la revendication 1, comprenant
en outre une pluralité de bras de levage (34) couplés
de maniére pivotante a la base (22) de telle sorte
que leur pivotement permette de régler la hauteur et
I'orientation angulaire du chéssis intermédiaire (24)
par rapport a la base (22).

Dispositif (20) selon la revendication 1, dans lequel
ledit contréleur (68) est en outre adapté pour déter-
miner le centre de gravité du patient en utilisant les-
dits capteurs de force (44) et utiliser ledit centre de
gravité afin de pondérer lesdits signaux au moment
de déterminer ladite fréquence respiratoire et ladite
fréquence cardiaque.

Dispositif (20) selon la revendication 1, dans lequel
ledit contrbleur (68) émet une alerte lorsqu’il détecte
que le poids du patient s’est sensiblement ou com-
plétement soulevé du plan de couchage.

10

15

20

25

30

35

40

45

50

55

10

18



EP 2 040 614 B1

11



EP 2 040 614 B1

¢ DI

12



EP 2 040 614 B1

13



EP 2 040 614 B1

-/ .
7% .
/ 3 . NG
// /,/‘/ f
4 ‘.//
/n;’/ Whr g &
+ Yo v "
/ . . b
: N
) / > O
< “h= % ’/d'& S
< 7Y 3. AV
A
4

14

FIG. 4 $2/



EP 2 040 614 B1

FIG. 5

15



EP 2 040 614 B1

. ——————tir o ront .0 dem Geama ape b . . . 0

o 4 . w w n 6@ 89 8 e @
: . : . T E16

-t dt—d

¥IEL

N : . T : : L guer

1 : aisL
- = - e Bt Al w o o s A lxw,.r - 4. !
: 574 STt O A B R R $enge dons $oode 3o Joet o
= .\ﬂ e adawmle o adamdn ueden 'v—Vﬂw. : P ‘W 1 .u.\x .I N T b thmF

=)

P L d .. efmnpe ]l anden B 1

1

!

i
ALY

e TS ST SR SS PR T TR ST TIUY RITY CH O e Rk

. oieL

: F -
Lol i
[N ] 1 . vl 1
——1 i : 1 — &' }EL
BN EEEEE R s R
fuond \-".t.m . weps ohes eeiand s JON LROE Y O RPN T l.-.lm )
I DCOPININ LA R R W AP U O D It 0
—t ... o L ¢ —i— Tt ” el
FACA I O N Fdohs e L ¥ it
O SN S N S A N0 ofe e goap srock cbe o H..“;
: z. tacdelien dare awde pod g deofe d obeenaeed
i AR P I A A T Lzl

Lo I O R P ) ¢ 10t s s W N R e e sea e ap m e awos

T 7 juomed JuOWHA SOrour JYIIeM pe oL,
| :pug Peaf] Spis YT 19D PO T Hﬁﬁ@ - .

16

(ot usem



EP 2 040 614 B1

LD

' {zH) Aouenboss
¢ gz T gl b g6 . 0

[l L . 1 1 3 1
0. : 8 i I 0
! L i Wit
M “ ¥ e ¥ r
PRI R I T IR T U I 3 KT o S ) . b ._ FENTE R AR K 238 BF e
i ” T T t 4 w T 131 - 200°0
JUR IR TN S g % P . X0 X5 S 0 RO T S KRR E st er b O PETTEN
N
.nm.;.l..ﬂ_.:f.._.. oo mofann S R O .ﬁ. g et .m....". .l...:.....fl
i dedee Bandecfes TR DT T A8 JUO DG IR U [ JOS AP 01 " * L, foafe sefunfeoef |
b H U SO PR a
: ‘. i i, ! 1 Lt -
e : : R i vouo
1™t t T T T g
Jewo fos b de dfeedimdors v st o 14, OO0 S N SN UL X R B ) 0% ] s o T i R e o s o A L e i
s fo ~ “ B 8 fe ” s . m
L - 9000
DET T O T she —per PO PPN S By R PO TR e O LR KRS B U g S Rt S ik afid esolo anfs v ale epard opue fsife [0 Sy
: 1 e i i
, ! [
| i ‘_.. ¥ i : ; :
0 ¥ . . 1] »
- —+ 4 i . —— 800’0
OO 3 ! 1 ¥
_ £l :
_ - a1 [ -+ — H0
. 1 N N | j .|
. UE . . T T
o}« oforef ] R 6) T8 N O W FW P O 0 e e i il S o
1 " ofe
i ", > " -
. i ¢ : et : - 2100
LI P L, 41 . b o do oodendem .J........#I...Il
i : 3 j 1 .
. it !
' ; -4 - - $10°0
- ot~ 3 I 9 N Josselr e S8 S B
, i M hed
ooogoma o ' X g F P ) . L&kl o |”|1l. tx .m. JU L [P Suw SpS: POTY JURS Fon
: v s oj e Fraanle wop mit n
- “ : 9100
[} L h .
T | : 1 . : ! I
1 b 1. 1

, wﬁoﬁa@.ﬁoﬁ? SO JYSIom vﬁw ommoﬁ.mﬁ ] o
LI PUE PR 9PIS BT 119D PeoT T HdwD

17

tan 1Bram



8 ‘DI4

(s) aup )
Stt ot 6zl ozL ot 0kt g0% 00l

. . ﬁ g'ace |

.o safusu

1
=
b,
0
el
4
~
T
v
oz
o~
B X
t
3
i
£

‘T4.

Joud DI :
RN i e N- }- 6'02z

4
o]
'11_/‘:'
#)
-

:; i,;,/ (\i
r

mp)
5
)

I DAV ILE B +rA

. {41 {3 .. b Kb + - -
R ! : :

- o
o’

o 4

Ficd
_ ) y ! |
REBA L[ {111 ! -l

EP 2 040 614 B1

i p3 o
retiigs

S
S
(an) uBrem

n ﬁl . ‘H |
' 1 i RIS ] il 1
3 ik ¥ .
h. ] ._ 4 3 N H A W.—,NN
RN | T B ]
LK W4t
JH-~ / A mﬂn. 7
Vi X ¥ \ L~ vz
"’ U H K p H -
V. 17 - LA uJS _ e S .\h~|
N A LG )
072 Gl R LA S i P72
AL ke b o . N
LND B A A I S S
-1 Jk SN 5 _ [ SV TL...\L.. s ofa .. s R .rl PR
et S Btk l.n.r Ry .” ke 7Y n..:\.. s "n s mEey ..Lu..... =
: : ] i POT

_. &oﬁ ﬁ .o Bow mEb anmm mmoﬁonoﬁ m mo moEuE Ewﬁ caoSmH
- ° . pug PreH opIS YT 19D ProT g qdeip o

18



EP 2 040 614 B1

T . N SN T 000 B ISR T .
. o b i i H foaal d tob ageerdeddder b ae 2
7 BN e | .....u e o ....“.m..r.. ‘m.. - -.m..m ' ‘ M “ 1f \L i .
i 1N fi\s H i1 Lo \
1 v 1 ) * 1 [y n-n w w .mu W 3 ’ \ EQ
P IR : . (I A i f: pA i
f TA 1 | ‘s W / N w i i T4 rf i :
¥4 . p Joid . N0 O DR A AR | 8 15 W N R 0 9 4 L fees
SR L n .l.\.l...‘._‘.‘l A (. r“. rm \ . " |m :
' 1A\ — . ; +3- 200
ooy ’ \ "o w os m .m. . m m : cuem
JEN O R Af chuene o A DRI N R d ]
e b N . o S5 o v m.. .4 f A o . o
1 * -
. T A~ e = w
of, TR I ......T sl lan ....m.ﬁJ.. W 4. - m. LR B | e BRI
mmtrediarbicte 4 k 3 BN TR B8 SN W W % (0% wk i g ol Ly
v b ode i e} e _z 1 A = el ey ] m
. i u | OO T 41 -\ . { v { S =
. ™~ : 2 f it - 400 5
i el N : i ! T E
o TR B woeep o kel o W -fss - o hhae . . L .2 ] o Jeo o O P
1 B 11 T.m, : e
bose ofoe ....-.v..fv.. o 3o afessda PR Y aefun n raes fowcfonn B BT A RL I RUES g e ad e
v : et - L. SO0
- ! TH 1. -
T - CN y : 1 (. et
(b " b B ™  an e
B T TRPERY S o O ez gredunda pode dadas 4 oonn W;.: - X o [ Y oo foe et I I ﬁ.r -
2 {1y 2= ...\k.. T k - aqee so o} t ¥ ;..M e N pepet o] oo -l ..m..., y
: e | - —— : ~ 4 90°8
donef] L Y . P I An
. v N L \ ” lml-m:l
R I A e b M SREEN A 34 Hi -
i i s e L
A s Ll L L 2l et R m mdreages & oy = sy . "o .w..:—. +.. o 2| ooy e v esdn f g I‘Wn w el
1 .- ﬁ ¢ Lot abalas - 5 wenidis b “bseqee s . e \' P
B ] et T L SO B ST R - y ..} o 3 gdmes f + 5
N EEET REETE “ Y A m o I\w\a\. . .o o i fod ! ..\... I
s 3 . v ki m 1 T N o . M . 1 PR 1

SluoULEY e € - - . owouneg peay EN ’ @ m\

o TeAzay W NOBq S} U0 TMOP wmﬁ juoned mmopaoneﬁ BJO moEuS Srom pue u_coﬁam .

. o ,Em “pus Peoy] SPIS YT 1D PeO] g ydkeihy

19



EP 2 040 614 B1

01 "DIA

o
. 4. L1 / ”
. . “ \ !. 7 \ ~ a¥ \.\ (\/ / 4
RUA ENEYABNIIRWASA R AN |
Vi a\ AR ; | W - un
- $/ ~. \S 3 _ w ’ , \ “ . . -
~fo “ : M I H..\'.n - _-.I.\ or- whoode .__..... ..,(—
: o
- ol LARIRS et I
! 4 . | o
“ “ (LR ol als ot
3 M . - |
- | \
5
s0e =
; | ‘s ! 1 m
11 i ! ] .
_ m ANLI | ENNREE ,
] i i - . Iy ,
1 . . : . B n 0 No\\ QOAa
m _ A
T : ,
N H X m "
1 . — 4 ¢
u $ iy 3 . ]
R RREACERNBERRENRN B _ T o
- u “t -.A.MLIL. } LY i ¢ - H “ w» ] R
I T N PR : T
\.ﬁ “ m “ ” ) ; : M .“ u.\ . ” 4 .“ : S0 m. +
R A e O W% BV E L S P T i d L
m-“..u.w . wi..w ~ i i - . ot 3 H i N ‘_a w - J - 14 Zre
oEmE.:E peay € ayuouLet] Je3y wl

: : S SGLTT
.«2«285E.Mowp.oﬁuoEpomw&mﬁuowmam.moﬁoﬁoﬁmmo_,‘moﬁoﬁﬁmmokEaom,aocnmﬂ

141 “PUF PeSH opIS PoT 110D PeoY "¢ ydein

20



EP 2 040 614 B1

11 DI -

. o au.:_ Kautanbeyy

S0 2 R B L - - ....
i H {
~ ~ ~ 1 woponfars .” .w.. [ - ....w
JR IR Iyt (" .llﬁ { ll..l.,ﬂ f)
N B T . i
for + R AR PP PR FOUS B ORE S LR R St o % AN -
HERE i : : : R [ { TS
L e - . N T 7 m - 1070
Lo 413 [T JIVRE g (PRSP P \h..r.n o o -
wa.\...*-.. : s e e ikt S 3 “ siaat m w 'ﬂl H : !—.! !
RPN S 8 .—.l _ w.Jx-.u:.c..-. . w o few M .,..m,.?.o. - o .
bod o4 v oy i Jo wbolabe o
“ ST i : ;
; . O T ¥ ; N
: o i i ; 200
i ' %
ﬂ .} jos o ' -y
Y . « aled ofoes ofre abs elsfarrafs  }oarpee TR O LD \ ." eansnmser $fus arhree .“. Y T ..-m.-lxl g . v_ -l
B . | ST o ] iR A .M
. 1 .
- o s al : o [ovoofms gismchie o foe 4..,...».:‘.».:: N ”l... B ek I TR U NN r«!m. .. : ..1 =
T y ¢ £00
T v R
[ yi 7 1 T I —
||~. ( |h\. ° i ' . E
s oy > f o .u....:l)......_.. ..W. - .._.:1.
: s i
y :
—t . - ¥8°0
: ] 1
. 1 m . nﬁ
1 X H ! '
PO S, wfaoms fimages e fsad wadn o i.ﬁll...lfa..tt...ﬁl..T-!..] .ot s PR N 2 > B e PP
i s ] f- o j -4~ :“....L..,. e oo
. . . - .
' TR
N R s 500
: v L I o
M 1
1 rY
. .
- - . i

i i L Lt i

)

“gjuotuey peN[ € - oruowrreq 11esy ;¢

SEPOT R :

JO JeAapuy 111 Jorq 51) O UMOp SmA) JuopEd SSORIONONT 2 JO SOLYAN JIIoM PUE dIUOULIEE]

- L4 *PUE PRSH OPIS YO 119D PEOT " HdeID

21



EP 2 040 614 B1

ot

sel oet T4

ot S0, 0ot

g¥e

evie

i i .ud,l ¥ R
A \ " J}..r,. ]
} 3 . ) " I W e . b -
-y ey o | i ) ;
. S A i -t i i o K 2 e o :
....l o wedoe mm abas o denes ..w..llﬁ o oh ¢ 0 ofun %% AN .|u. : ‘AI.N o P .%x\— 1o+ - N “ : :
1 - B Y
I _ Ir 2 [
- i = _ T

THE 1 1R HREN) ; R O I 17,4
.* - . " .A g8 - - —
i - ¥ TN -
- u ] R I N —
= £ AR TR AR L - Hia ﬁz..... I N A BIENE IR0 8 RN T |1 X
P T L1 N T W, L
ol . L _, — Hil g
- SEmm e bl A
! L ; HWN T T
O SRR ,. .w } | .4 ,m. 498 h P I L ~
H N TR T H ¥ g [ o
1 Im-.. - i - -Ifi m ) ~ - | 3 i e . !
S . 4 e I e e
m s (Jl N.n\ o~ T .w] -...m Y o m .
RO VNN =74 st Foneijon i :
40 . . : : R
b ..i.......:..?...... ERTIED LIT ERT TPORY) (TP PRIPS RO FURY RO JOp- 9 T T l...... . !..lh.ml.\. &b l.... w..m...?. e m... .”... o
, apis o1} 1o usop BuiA] Jusped ssojuonour B J0 SO YoM pue SuiT,
‘puq pest] 9pIS YT 110D peo] 6 ydein

ol A-174

(ap yBjam

5522 .

oy e .@.WNN

22



EP 2 040 614 B1

¢l "D

: ) {zu) Asuenbely
.8 sy ¥ &g 3 52 r4 &y i g0

.\h

SjuowEy PE3Y € souwey uesy 7 . 9l

SC6°0v

* =TT O ~r T ™ T T = LI = T ]
H [ P Bemgr wpe o buinds o yesaflen basde omed -y PO PN ..,—..1..~ i e m .*! m.u. arerle ofer]e Leadas
Y OO I VR N A PO O 0 O 0 S i Af:.._uiH N
TN R s L T PR T B 8 S
WA & “ AR LI T AL NRE T 241008 SN . UM
¢ - - + 2 -.§00°0
AN A hYd o o dad m A4 it ¥ . 3.1 Iy
U0 O A ST ) 4 [ Y R A B HE Sy (£ N o8 R N ¥ - B hee + M o st ..
I N U0 DO 0 0 R 1111 5 0+ O L b i ¥ JUU, e _ RO I £ (1
: ' : et H
; H 1 . =3l :
H 1 M W ~ O'Q
e : M I b
I Y j I l g |
! R i v
T I I ]
N ¢ N N M . .
1 A B B L — - 9100
' v HEEI s == - ~ o] { .
o4 RN HI m. 1 H .
. by ven red ve o pureleey L 2 ! w 1 U | DR S «ofuinl opfpmie . M
-t ik B ~dewd oo g et ‘mlm.. 3 R . M _ § o de ~ o 18 P =
n ' L] : L 1 H M des 2 A -
m .n.. T w m... m e | T g T y : my m . “Q.O "
Foed = o - 3 . o wi] o op mesde Eoidesfoiop olon B 30 o E s LN BN TIRTRY (RPN O T S 3. +f L3
| H sy e, Ty il ki sy T
t ¥ v Fei [ et -
= 1 " Stardeas §uae mr; m i
: i L1 1 gzor
- - — . 1 - (1]
M 9 X b 1t - 1. : 5 B A
1 ]
m v . [E o Q.Lﬁ 3 g-b
e [ K 2 " i & '
renef ~e ot l~.. I 20 o ES
Lol . N P
It—r. . Ll s " - 3 e 4 .L.—l H H
e  arn - . : UYL 14 S0 SOUTORN L O ARG W 8 W O
+ b i 1 -
: F . ] > -
H : H T H s T - H e0°0
i LAY I - . gl
i H (1 I f 4 g
tedodato e dor Dl A | J} 1. L ! elernd
H Pl bt " ! ] .
00

JO [EAISIUT UL OPIS a1 o umop Suiky Juoned SSO[UONOT € JO sornour JySom pue oEoE.am

_ LT :puH PesH oIS ¥oT {90 peoT 01 a%@

.

23



EP 2 040 614 B1

y1 "Dld
e .
gLt oLk _ q0l ool
. 0.-.! , e , *-mPN

R R SO 1t O S

S RS O

ofL ozl .oz

4 1 1 .
CTUXE SWRIRL

1
Vo oy pophes 0 h‘ A—i ..-.. PR YT .w. " A. L aege s fame t*.. e TR L LS L
NI 5 \ PN R I I 2 S N srofurepmme o

P TYN

g

ISR, TR Y

JUIPS PR e FRTE Bk SNEEY LR

[5:1%2

i
e o queraion o

:. y., weht e 2o aee

N

H _ Ly~
1 ) A [ ,ﬂ

y TP T 5 YRR S

f -1 4o : SOOI S
£ ke T : : I o682

lote o 81f

e

andaso b L

e T B LR

f—

LT . Ll i v
ﬁ“* i. ' _11....“.. . eoimsfuney 38 -1 e - s -....a. ..“ .
| | - p

%
ol { 1Ay
b= e o
7 . . 0] 8 e -3 : - R N - : b‘w
A R A .
| i i B R S
. H
! I | i i L gaiz
. . x. N - X ! . Hm y S a . Jl - l\.#.o [ o
N\ \ s g R | ¥ N ) A It ! T S——
f - ) : L) ) - i . 3 )
N ! i L n 3 : J
: A : | T - —1 66T
o S 5 1 [
- Y a wars . S *.ll.l:\. e W s el i b . e g s
des ooy y [ NS RN RPRS SR TN X T SO U whase sodse o . N . ...M.m UV NI ST ASOROT S
; ; : . v ] L £ } (4744
y : ] o s il N = ] NIy
T ¢ LN PN : /. . ' [ - AU A
{ s N O T v - Lo /A N
" AT X N yAL
i . Sy f H.’ H : $] s H .
, = Lall oo O AN © 1 HI £ S A voze
—— .T.I.L....ll—. s B s s o et e tfioninale n. worde o 3 ‘l FOVI RRU-FR SUPURY SV SRt T abe a
ba & sTeny I vrdiseacind o o B se nheras -..tl.o- T I TR I ﬁ +f ve od o ufs o .m.. o velene madl s ad o wre 4
" . L] . 3 > " J t » - e oo 8y o s s . .
@ g Lrnﬁl—v h W A (! T il des ‘v”' -t‘-wllud-llv-‘ e 0" 'D.c‘ Ty
Vonat shuse s .o.:- - -...:...L-....‘. (R SRS S R 3 - teten Jiise amerorn deve adonr mlioie Jeeeoid vmimmotn s ado vide N.ONN

L

ok

1

n
I
l

I

ﬁm&oﬁ 10 UMOp mﬁb waned SSO[UOTIOW! B JO SOLRAWU WSrom pue ouny,
PUE PUoH 2PIS YT 1D PeOT 'L ydeiny

24



EP 2 040 614 B1

¢1 DId

{zH) Aauanboy; . :

0
ol
«~N
8
-
b d
bt
(=]
o

8 4 ¥
_ - 0
. T T - T v T T T
é/m()\_ft/ A : 3 s sl A D AN M /.../é\y - ._ 1
V2 YA Y b i i PV i) ! : !
VT NG AR
T v i : - g I
3 y T g
. 1 \ : i ! g i da m
/ L _ ; u : { il il d I zo0
% ol -t N L

? b i " t 1 i fede o il _

! ! fobebddos i bt b m
1 . N . ;" . M E : 1

Foiee gl uJ..T.._; .....-J:..T.....*I.m.. e m ! ....."x i -4 . R o
HIER 4 H N ' . ) s i . 6'0
Tt ) . T g B T . . R i HE] B
w. i i v H ” : . ot ( : : R b d ; { H 1 u H $

2 e nA EY YT NN AR RN RN gt :

e SET N R D B3 TR0 T B 'R RF By R Y e R g ode deefn _ 1=+ e ad i s}

A oot et b L s g R ] AL L et s b bk bl
R { I HI | Eal T : ! m
opred o 30 3 faclim L..,...._..‘. o edo g %r._..”.. SIE SR T I RS e b .“ g oJek b o e d4ik o w
L IR . N . . PR N } .

HEL) “ L n g m . m Pt .. s ..P m m WQ.. g
“ | i ™ s e i IS - oo ;i 3 o= ..n_l....... ey i fanssd w
| R . y PR TR W R ! -

L ‘ O I L S
. ! L -
1 . ot ! s
4 - i T I ™
- 1~ . : ot 80'0
+ ol - B3 B I ISP Ao Jonds 3 L .~ ...m... ..m. e
. ] . ]
o ! ..m.:c..u....ln . .m. m , '_..._. b FRR P A 2 cofosen
b fodid dotfenie ..t.m....w.fyi borfos oo oo} it i TN e -
e . r I
1 L B = oS ..I_!.acwn..... 3.1 - % - -..“,x.“.-; HHA
H : R " L - 3 — : 1o .
i ] .
S . N i §oerpmeng oode o ba o] n :
' W . ” SR V) % 1. S 2 .\\\
R ‘i 4
: o
N O . Lt
IR E] .
I..t 1 : Leoeed <l

opuowwIeY LeY ;¢

. 866°0%
Jo JeAroqu; ul :omESm U0 UMOPp Surdj Jnoped SSOJUOLONE € JO SOLGOUT JF1om pue oEoE.am

Ldd wam PEIH 9PIS YT (19D PLOT "8 ydero

ououLy tﬁ:_ Em

25



EP 2 040 614 B1

91 "DI

. , 5) .o.:ﬁ.,,“ .
1174 age 0ES 1A - 0%C 144 (¢17A . 1114 . goe -
R . : — - b ATA

<-4

RN

- s M i T eenz

¥'ese

P H-— S'ese

—l

[qi} 3uBrom

| i : T . 1171 882
~ vl R . — 8 .Lu. } n i T m\ " i
i T - T ,T«. . i ' . - 1A . ! . ; , @u - = s : . ysoz
L. L1818 H--f- -l -4-iH-§ v o§ Ny AN b 11 ) i 4. ..\ oo
L - A8 i { LA .
- N - i A LIy B T L '8z
i i ; . 1
- ; : / it " o
1 .” 3 1 - y \ } s 4 g4
n e .. 7 _ ) : 692
T 18 ST I T o 7 A S : o
R T L 0N RTINS I vy N T (N0 0 YO ) o R I A
it i GRS DO TR IO IO RN 10 N v ot 9 A 0 O Y Y R .
i i Tl Il i : * T | s R { #6Z

Fupess Juoyed wwuﬁoﬁoﬁ w mo_ SOOI JYFIom pue ST,
ipug peaH] 9PIS YOI 119D peoT ‘11 x&a@_ |

26



EP 2 040 614 B1

L1 "DId

' v {2p) sousnbes;
£ T ¢ ot 1

0
o
©

aoamh%om

8 mm orJo Hﬁoﬁu 1 Suyeas uoned SSO[UONON € JO SOLNoM JYSPM pue oEoﬁam

LA :pag pesH opIS-yoT I1°D %3 “Z1 ydeip

=T } ! t T T v_ 7 L]
] : AL TR :. ,_. o o
/ g E lﬂlm -
u I o (3 — “
=~ -t i - Lt r-
1 1] 1 . i —J . R
4 N ] T ] ELE e
. — - ¥ bar £ 4 M
3 i3 5 3 w.“ aen o - . - s ..".. Y P o
h_ o o] B N TR
T F . —t R - ¢00
. " +oalin ROy S O w e Al 2 o 1 e Rl nfwodeiadis ko ofoure - ...“... 3 \\ ; e} P
yosfe =g socfure [ b ot o] el o b | : 1 LA - .
0 e o T ~ sje mprenf _ b ) .
1 i : : 1 Sl v
m b ...T.... - -1 E) “
; ' 1 . ; {1 eve
) : v -
; ; gt L it 300
! i . 1 i k
1 H M . Y
- i - ; . - L i
1 i3 H } 1 i
m N ‘m . : . 1 i
dind | " ". m m Lm w < -1
L : g T —4-.50'0
m ; i - F
=3~ i H R By 1 n | S )
: 3 T i -
do. } .- . ; it
§ | : : i 1 1
! _ i ; . i "
F . : . : ! 90°0

fa)) yBam

27



EP 2 040 614 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 5620003 A, Sepponen [0003] * US 20060028350 A [0006]
« JP 2005177471 A[0004] * US 36254306 A, Guy Lemire [0009]
* JP 2003210434 A [0005] * US 5276432 A, Travis [0016]

28



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHRE
CPCH %S

L 54X

H M2 TF S0k

S EREESE

BEG®)

patsnap

BT A0 S A an A AERY R SE

EP2040614A4 RF(REH) A 2012-01-18
EP2007840352 FER 2007-07-05
ER/RRAT
ERRNF
ER/REAT

WAN FONG DAVID KIM SOUI
DIONNE JEAN PAUL

WAN FONG, DAVID KIM SOUI
DIONNE, JEAN-PAUL

A61B5/00 A61B5/02 A61B5/04 A61B5/08 A61B5/11
A61B5/1102 A61B5/02444 A61B5/113 A61B5/4094 A61B5/6887 A61B5/7257 A61G2203/32

11/773714 2007-07-05 US
60/818699 2006-07-05 US

EP2040614B1
EP2040614A2

Espacenet

QF T -HATEENENC T BEIERE (HIWK , BRFEIL
K) ENBENIHBAENRENGE ZREMTESRENBER
ME-—NMHESMIHERB[LND , ZOERETARIERE ENNE
fERER, XENEREBFRNNNT2ENZHRRNRS , SFRE
B | IR R A/ B E B R ERS. 7B nEE R A E
TR ITXENRD) , EBERENSTRR.


https://share-analytics.zhihuiya.com/view/52877e8f-eec0-4a47-9629-e09d9b8434e2
https://worldwide.espacenet.com/patent/search/family/038917852/publication/EP2040614A4?q=EP2040614A4

