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Description

[0001] The invention relates generally to bed monitor-
ing device and mattress covers comprising said bed mon-
itoring device, for monitoring bodily activity of a person
and in particular vital signs such as respiration, cardiac
activity and body’s physical movement, including the
presence, absence, step in/out or even falling out of a
person using a sleeping environment such as a bed; mat-
tress; top-mattress, bedding such as mattress covers,
and pillow covers; a pad; a futon and the like. Based on
the monitoring of bodily activity, the bed-monitoring de-
vice further allows determining sleep comfort and sleep-
ing position of the user. It accordingly provides a valuable
R&D tool to manufactures of sleeping articles like beds,
mattresses, top-mattresses, futons and the like; but also
in counselling consumers when buying sleeping articles
under professional guidance. The bed monitoring device
of the present invention is characterized in comprising
an optical fibre fixed to or mixed into a flat body positioned
within said sleeping environment. This optical fibre ena-
bles detection of bodily activity by measuring a polariza-
tion variation of light propagating through said optical fi-
bre. Further integration of this device with other monitor-
ing systems such as home automation, bed automation
and control systems, and alarm systems is also possible.

BACKGROUND OF THE INVENTION

[0002] There are numerous of reasons to monitor the
health and/or activity of a person occupying a bed. For
example a significant cause of death in infants (birth to
about 2 years) is "Crib Death" or Sudden Infant Death
Syndrome (SIDS). Medical authorities generally agree
that some infants simply stop breathing during sleep (ap-
nea) or their heart rates fall dangerously low (bradycar-
dia) and that death from these conditions can be prevent-
ed if the condition is detected and help is provided within
a short time (one or two minutes) by trained personnel
or parents. Apnea monitors already exist, but their cost
creates an affordability problem that limits their use. Also,
the existing monitors tend to be unreliable, typically hav-
ing high false positive rates. Also, existing monitors are
obtrusive and difficult to use because the subject must
wear a belt or other device connected to the monitor. This
further limits their use, and it would accordingly be desir-
able to have a bed-monitoring device which is both inex-
pensive and reliable in providing information relating to
breaths, heartbeats, breathing rate, or heart rate of a
monitored person.

[0003] Also in various types of care, such as medical
service, geriatric care, mental health care services,
etc ..., continuous surveillance of patients that for differ-
entreasons cannot be permitted to leave the bed single-
handedly is required. Forinstance, it may occur that men-
tally deranged patients, above all in the night-time, get
up fromtheir beds and wander aboutin the care institution
in question or even abscond from the same.
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[0004] In order to address the aforementioned desire,
itis known to use sensors coupled to a mattress for mon-
itoring a bed occupant, for example as provided in PCT
Publication WO 2010/110292. PCT Publication WO
2004/006768 provides a bed occupant monitoring sys-
tem comprising a plurality of optical fibres with their ends
within a sheet of foam material. In order to provide a
reliable output, the elasticity of the support material must
be substantially the same as the elasticity of the foam
material incorporating the optical fibres (see claim 10 of
WO 2004/006768), posing serious limitations to the over-
all applicability of the bed monitoring device described
therein.

[0005] PCT Publication WO 93/11553 generally de-
scribes a motion monitoring device based on a single- or
multimode-optical fibre illuminated by a coherent or par-
tially coherent light source but is silent about an optimal
way of coupling such a system to a mattress.

[0006] PCT publication WO2006/046928 provides an
occupant monitoring and alert system consisting of a plu-
rality of sensor located within a mattress and character-
ized in consisting of an upper and lower plate of electri-
cally conductive material and an intermediate compress-
ible layer.

[0007] US 6,498,652 also provide a fiber optic moni-
toring system for detecting vital signs of a patient, with
an apparent general applicability in monitoring the health
and/or activity of a person occupying a bed, but is again
silent about an optimal way of coupling such a system to
a mattress.

[0008] EP 2412 310 also discloses a bed-monitoring
device comprising a Gl quartz-based optical fiber knitted
into a cloth. As shown in Figure 5, and explained in the
description, compared to an optical fiber made from a
plastic material, a Gl-quartz based optical fiber provides
the best measurement, with a remarkable sensitivity,
hardly influenced by electrical noise or static electricity
resulting from friction or the like. To live up to the required
rigidity in use, and as evident from the adhesive used in
the examples on file, the quartz optical fiber must be fixed
and immobilized with respect to substrate support mate-
rial. This limits its application in adjustable beds requiring
a high degree of adaptability of the optical fiber per se.
[0009] JP 2002 219108 an optical ballistocardiograph
has been described. In said device an optical fiber is an-
chored between rigid upper and lower plates. A stress
integrator is further present to concentrate the stress that
affects the optical fiber. For the same reasons as men-
tioned for EP 2 412 310 above, such a rigid structure has
clear disadvantages when used in a sleeping environ-
ment, and accordingly fails to provide a solution to the
desired hidden integration of an optical fiber in a bed
occupant monitoring and alert system, in particular when
applied in adjustable beds, such as for example used in
the (health) care sector.

[0010] JP 2007 144070 also provides equipment for
detecting pressure changes in a bed from a sleeping per-
son, said equipment using an optical fiber bedded be-
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tween the upside of the bedclothes and said person. With
reference to [010] of said application, the optical fiber
being fixed with adhesive tape. Compared to the present
invention, the optical fiber is not well integrated into the
mattress cover and fails to provide the breakpoints, that
together with the further characteristics on the integration
of the fiber provide an optimised integration in a sleeping
environment.

[0011] Itis accordingly an object of the present inven-
tion to provide a method for coupling a fiber optic moni-
toring system, in particular a synthetic fiber optic moni-
toring system, to a mattress assuring a reliable method
in monitoring bodily activity of a person and in particular
vital signs such as respiration, cardiac activity and body’s
physical movement, including the presence, absence,
step in/out or even falling out of a person using a sleeping
environment such as a bed; mattress; top-mattress, bed-
ding such as mattress covers, and pillow covers; a pad;
afuton and the like. As will be further detailed hereinafter,
the application of the optical fiber in an overlocked bag
surrounded by support members comprising pressure
points at discrete locations, yielded the desired reliable
and hidden integration of a bed monitoring device in a
sleeping environment.

[0012] Based on the monitoring of bodily activity, the
device of the presentinvention further allows determining
sleep comfort and sleeping position of the user, and ac-
cordingly provides a valuable R&D tool to manufactures
of sleeping articles like beds, mattresses, futons and the
like; but also in counselling consumers when buying
sleeping articles under professional guidance.

[0013] These and other aspects of the present inven-
tion will become apparent to those skilled in the art after
a reading of the following description of the preferred
embodiment when considered with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1. Schematic drawing of a mattress cover ac-
cording to the presentinvention (A) with a cross sec-
tion (B) of the overlocked bag (1), showing the top
layer (4) and the base (5) forming the cavity com-
prising the optical fibre.

FIG. 2. Schematic drawing of the pattern and orien-
tation / position of an optical fibre (8) located at the
chest region of a mattress cover according to the
present invention.

FIG. 3. Schematic drawing of a top panel (2) of a
mattress cover according to the present invention
wherein the optical fibres are located at the long
sides (7) of the perimeter of the mattress.

FIG. 4. Cross section and top views of members used
to fix the optical fibre to the base of the overlocked

10

15

20

25

30

35

40

45

50

55

bag according to one of the embodiments of the
present invention. In this embodiment the break
points are realized by means of strips (9) fixed on
tape band (10) both above and below the signal (op-
tical) cable (8), wherein said tape bands are stitched
to the base fabric (5) .

FIG. 5. Sewing design for the base of an overlock
bag of the present invention having the optical fibre
in its circumference. The measuring zones, consist-
ing of the support members (10) comprising the pres-
sure points (9), are presentbelow the hip region. The
optical fiber is further retained in the circumference
of the base using long sleeve like guiding means
(11a) in the area above the hip zone and by means
of one ore more short ring-like sleeves (11b) in the
hip region. In advert removal of the optical fiber is
prevented by means of anchoring means (13) in the
guiding sleeve at the top of the base.

FIG. 6. Sewing design for the base of an overlock
bag of the present invention having the measuring
zones, consisting of the support members (10) com-
prising the pressure points (9), at the lower back, hip
and upper leg region of the sleeping environment.
Guiding members (11) are present in-between each
of said measuring zones and at the top and side-
member of said base. Anchoring means (details giv-
en in Figure 7) at said top and side-member guiding
means prevent in advert removal of the optical fiber.
The centre of the base member is indicated with dot-
ted line 14.

FIG. 7. Details of the anchoring means used in the
context of the present invention and present to pre-
vent extraction of the optical fiber from the bed mon-
itoring device. The anchoring means as used, con-
sist of an anchor part fixed to the base and a rode
(12) connected to the optical fiber. In principle any
suitable connection means, such as tape, adhesive
or heat shrink, can be used to connect the rode to
the optical fiber. In the present example, the rode is
connected to the optical fiber by means of a heat
shrink (16) through a protector cable (15) surround-
ing the optical fiber. Again, using this configuration,
the optical fiber is not fully immobilized with respect
to the base. The length of the rode still provides it
with a limited freedom of movement, allowing it to
adaptto changes (such as by bending of the mattress
in upright postion) in the sleeping environment.

FIG. 8. Schematic cross-sectional view of the U-
shaped pressure points used in particular embodi-
ments of the present invention.

[0015] The dimensions (in cm) given throughout the
drawings are given as by way of example and not limiting
the invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0016] Inthefollowing detailed description, abed-mon-
itoring device comprising an optical fibre fixed within an
overlocked bag according to the invention will be further
clarified. The intention of this description is only to further
explain the general principles of the present invention,
that is defined in the appended claims.

[0017] Thus in a first aspect the present invention pro-
vides a bed-monitoring system having an optical fibre (8)
fixed within an overlocked bag (1) consisting of a top
layer (4) and a base (5), and characterized in that the
optical fibre is interlocked at the base of said overlocked
bag and comprises break points, hereinafteralsoreferred
to as pressure points, at discrete locations. As further
explained herein below, the locations comprising said
pressure points define measuring zones along said op-
tical fiber.

[0018] As already explained hereinbefore, the optical
fibre enables detection of bodily activity by measuring a
polarization variation of light propagating through said
optical fibre. Again with reference to the cited prior art,
fixation of the optical fibre at the base of the overlocked
bagis known toreduce eventual noise in the optical signal
caused by independent movement of the optical fibre vis-
a-vis the bed occupant. Within the context of the present
invention, it has however been found that an absolute
immobilization of the optical fiber with respect to sub-
strate support material is not a requisite, and far from
optimal when applied in adjustable beds. A fixation with
still limited mobility of the optical fibre with respect to the
substrate support material (i.e. the base of the overlocked
bag), in a number of discrete zones with break points
alongside the optical fibre, results in an optimal integra-
tion of such an optical measurement systemin a sleeping
environment, in particular when applied in adjustable
beds. In other words, using support members comprising
break points at regular intervals, interlocked (bound) to
the base of the overlocked bag and surrounding the op-
tical fiber, the latter is guided through the sleeping envi-
ronment like a belt in a pair of trousers. The optical fiber
in itself is not fixed to the substrate support material, it is
only restricted in its mobility through the support mem-
bers defining measuring zones alongside the optical fib-
er.

[0019] Where this freedom of movement of the optical
fiber allows adaptability of the bed monitoring devices to
changes in shape and/or orientation of the sleeping en-
vironment; e.g. when the bed is put in upward (sitting
position), without affecting its performance, the absence
of adhesives in positioning the fiber to the sleeping en-
vironment has further advantages in the daily application
of such bed monitoring device. Assembly can be
achieved using standard confection methods, e.g. all el-
ements can be stitched and sewn together. Consequent-
ly the integration of the bed monitoring device as de-
scribed herein does not change the intrinsic characteris-
tics, such as for example moisture vapour permeability,
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mechanical strength, machine wash-ability, texture per-
ception upon touch and flame resistance of the fabrics
used. In addition, in case of damage to the optical fiber,
it can easily be replaced by pulling a new fiber into the
overlocked bag.

[0020] The break points as used herein generally refer
to spacer or pressure points created by means of hard,
rigid materials in-between the optical fiber and the top
and/or base fabric of the overlocked bag. As such, pres-
sure exerted by the user on these hard, rigid materials
will create a kink or at least a deformation of the optical
fiber at said points, thus disturbing the light propagating
through said cable. Such pressure points can forexample
be realized by means of hard, rigid materials (9) such as
but not limited to small blocks, slabs, strips, bands,
threads or plates positioned between the optical fibre and
the top and/or base fabric of the overlocked bag. In prin-
ciple any material can be used to realize said pressure
points provided a minimal spacer width is maintained
when compressed by the user of the bed-monitoring sys-
tem. In a particular embodiment of the present invention
the pressure points are created by means of rigid plastic
blocks, such as for example made from polyethylene de-
scribed in European Patent EP1527428 fixed to the op-
tical fibre or support members (such as slabs, strips,
bands or plates) fixed to the base fabric of the overlocked
bag. In one embodiment of the present invention, the
pressure points are selected from the group consisting
of thin, hard, rigid materials such as for example in the
shape of blocks, strips, bands, threads or plates fixed to
the support members at the side facing the optical fiber.
In particular the pressure points are made of thin, hard,
rigid U-shaped strips, fixed to the support member with
the legs facing the optical fiber (see Fig. 8). In general
the pressure points have a thickness of about 1 to 2 mm,
a width of about 5 to 20 mm and a length of about 2.0 to
about 6.0 cm; in particular a thickness of about 1 to 2
mm, a width of about 1.0 cm and a length from about 2.5
to about 5.5 cm.

[0021] The break or pressure points are present at dis-
crete locations alongside the length of the optical fibre
and in particular spaced from one another from about 5
mm to about 10 cm. As already mentioned hereinbefore,
the pressure points are fixed at regular intervals to sup-
port members surrounding the optical fibre, such as
shown in Figure 4. In this embodiment the support mem-
bers surrounding the optical fiber and comprising the
pressure points at regular intervals, will define the meas-
uring zones. Alongside said measuring zone the pres-
sure point are spaced from one another from about 2.0
cm to about 10 cm; in particular spaced from one another
at about every 2.5, 3.0, 3.5, 4.5, 5.0, 5.5, or 6.0 cm.
[0022] As will be apparent to the artisan skilled in the
field of optical pressure sensors, the reliability and repro-
ducibility of the signals will be dependent on a proper
transfer of the bodily displacements to the optical fiber
within the overlocked bag. It has been observed by the
present inventors that an optimal integration and transfer
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is realized when discrete measuring zones are realized
alongside the optical fiber using support members fixed
to a substrate support material and surrounding said op-
tical fiber, wherein said support members are further
characterized in comprising pressure points at regular
intervals. In an object of the present invention and as
exemplified in the different embodiments shown in the
accompanying figures, said substrate support material
is the base of an overlock bag, in particular an overlocked
bag consisting of a high weight fabric top layer and an
elastic back layer, in particular a light weight elastic back
layer, provides optimal results.

[0023] It is thus an object of the present invention to
provide a bed-monitoring device comprising an optical
fiber fixed within an overlocked bag consisting of a top
layer and a base, wherein the optical fiber is interlocked
at the base of said overlocked bag using one or more
support members (10) defining measuring zones along
said optical fiber and characterized in that said support
members surround said optical fiber and comprise pres-
sure points at regular intervals.

[0024] Inits application in adjustable beds, the support
material surrounding the optical fibre and restricting its
mobility with respect to the substrate support, should be
made of a flexible, pliant material capable of accommo-
dating changes in shape or orientation of the bed mat-
tress. As already mentioned herein before, using such
support members, the optical fiber retains a degree of
freedom in its movement with respect to the substrate
support and can accordingly adjust its position in re-
sponse to changes in shape or orientation of the sub-
strate support without creating undesired kinks or even
breaks in the optical fiber, that would be detrimental to
the working of the optical bed-monitoring system.
[0025] Thus in a particular embodiment of the present
invention, the support members comprising the pressure
points are made of flexible, pliant bands, slabs or strips.
More in particular made from a woven or non-woven fab-
ric; even more in particular a pliant woven or non-woven
fabric. In an even further embodiment of the present in-
vention the support members surrounding the optical fib-
er and defining the measuring zones, form a sleeve or
tube that slidable fits around said fiber. The sleeve are
fixed (stitched) to the substrate support material (base
fabric of the overlocked bag) and vary in width from about
2.0 cm to about 6.0 cm; in particular from about 3.5 cm
to about 5.0 cm.

[0026] Thefabrics asused herein, are meantto include
any of the standard fabrics used in the manufacture of
mattress covers, mattress ticking and the like, including
a woven, knitted or non-woven fabric; in particular a wo-
ven or knitted fabric, such as for example but not limited
to a single knitincluding terry velour, double knit including
double jersey knit, warp knit, and woven fabrics. In ad-
dition, and in particular the top layer of the overlocked
bag may consist of a spacer knitwear or spacer fabric
comprises standard filler materials such as for example
textured polyester, hollow polyesters fibres, nylon yarns,
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foam materials or the like. In other words, any woven, or
knitted fabric from the collection of fabrics suitable in the
manufacture of mattress covers, mattress ticking and the
like can be incorporated in the overlocked bag according
to the present invention. The support members are typ-
ically made from a woven or non-woven fabric of at least
100 g/m2, optionally comprising a further filler material.
[0027] Inafurtherembodimentofthe presentinvention
the bed-monitoring device according to the present in-
vention is further characterized in that the top layer of the
overlocked bag consists of a fabric with a high weight, in
particular a knitted fabric with a high weight, including
spacer knitwear, spacer fabric or foam materials.
[0028] In a more particular embodiment, the knitted
fabric of the top layer has a weight of at least 150 g/m2;
in particular of at least 250 g/m2; more in particular rang-
ing from about 150 g/m2 to about 600 g/m2; even more
in particular ranging from about 250 g/m2 to about 400
g/m2,

[0029] In an even further embodiment the bed-moni-
toring device according to the presentinvention is further
characterized in that the base of the overlocked bag con-
sists of a fabric with a low weight; in particular an elastic
fabric with a low weight; more in particular a knitted fabric
with a low weight

[0030] In a more particular embodiment, the fabric of
the base has a weight of up to about 200 g/m2; in partic-
ular up to about 150 g/m?Z.

[0031] In principle any low-weight elastic fabric can be
used as back layer (base) of the overlocked bag, includ-
ing woven, non-woven and knitted fabrics, by employing
elastic yarns for a part or the entire portion of the fabric.
Typical examples of elastic yarns used in the manufac-
ture of the back layer include but are not limited to elas-
tane (lycra/spandex), rubbers, polyether-ester elastom-
ers, elastoesters and the like.

[0032] Ina particular embodiment of the presentinven-
tion the fabrics used in the manufacture of the overlocked
bag or either both knitted fabrics or both woven fabrics;
in a more particular embodiment both fabrics are knitted
fabrics with a high weight top layer as described herein
and a low weight back layer as described herein.
[0033] Within the context of the present invention the
‘overlocked bag’ generally refers to a two-sheet material
having a top layer and a base wherein the edges of said
base material, in particular only the edges of said base
material, are connected to the edges of the top material,
thus creating a closed bag. In one embodiment the based
layer is stitch to the top layer; alternatively the base and
the top layer of the overlocked bag are removably at-
tached to one another, such as for example by means of
a zipper.

[0034] The bed-monitoring device as defined herein,
is useful in monitoring bodily activity of a person using a
sleeping environment such as a bed, bedding, a pad, a
futon and the like. Dependent on the localization of the
optical fibre within said sleeping environment, and its as-
sociated measuring zones, different bodily activities may
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be assessed. For example, when solely allocated in the
circumference of the sleeping environment, the bed-
monitoring device allows detecting of a person entering
or leaving the bed. When allocated at the chest region
of sleeping environment, the bed-monitoring device en-
ables for example detection of breathing and heartbeat
motion. Evidently, in an even further embodiment of the
present invention, more than one optical fibore may be
present within the bed-monitoring device to allow com-
bined determination of for example bed occupancy and
breathing.

[0035] Again, and as already described hereinbefore,
in certain of said instances, the bed-monitoring device
according to present invention comprises a spacer knit-
wear or spacer fabric as top layer of the overlocked bag,
in a particular embodiment said spacer knitwear or spac-
erfabricis limited in width and length to the region where-
in the optical fibre is allocated, and does not extend
throughout the whole width and length of the bed-moni-
toring device. This constrained presence of the spacer
knitwear or spacer fabric is particularly useful when the
opticalfibre is allocated at the circumference of the sleep-
ing environment, more in particular at the long sides of
the perimeter of the mattress. In said embodiment the
spacer fabric is limited in width and length to the region
wherein the optical fibre is allocated, and does not extend
throughout the whole width and length of the bed-moni-
toring device.

[0036] Given its adaptability to the sleeping environ-
ment, the bed-monitoring device as described herein can
for example be positioned on top or underneath of the
mattressto detect presence, absence, stepin/outoreven
falling out of a person using the sleeping environment.
[0037] In an exemplary embodiment the bed monitor-
ing device comprising the optical fiber consists of an over-
locked bag having a top layer and a base, wherein the
optical fiber is interlocked at the base of said overlocked
bag using one or more support members (10) defining
measuring zones along said optical fiber and character-
ized in that said support members surround said optical
fiber and comprise pressure points at regular intervals,
and further characterized in that the top layer consists of
a knitted fabric with a high weight (in particular at least
150 g/m2, preferably a multi-layered fabric) and in that
the base consists of a low weight knitted fabric (in par-
ticular with a weight up to about 200 g/m2).

[0038] In other words in an embodiment of the present
invention, the bed monitoring devices consists of a multi-
layered overlocked bag comprising the optical fiber at its
base and characterized in that the optical fiber is sur-
rounded by support members comprising pressure
points atregular intervals, thus defining measuring zones
alongside said optical fiber, wherein said support mem-
bers are bound to the base material. Dependent on the
localization of the optical fibre within said multi-layered
overlocked bag and its position within the sleeping envi-
ronment different bodily activities may be assessed. In
one embodiment the multi-layered overlocked bag com-
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prises one optical fibre wherein said fibre is located within
any one of the chest region, shoulder region, lower back
region, hip region, upper leg region, circumference of the
sleeping environment (e.g. mattress) or combinations
thereof.

[0039] Inanother embodiment of the present invention
the bed-monitoring device as described herein is part of
a mattress cover. In an even further embodiment, the
overlocked bag comprising the optical fibre constitutes
the top panel and/or the bottom panel of said mattress
cover and may be removably attached (for example by
means of a zipper) to rest of said mattress cover. In said
embodiment the fabric characteristics of the mattress
cover may further influence the transfer of the bodily dis-
placements to the optical fiber, and accordingly have an
impact on the reproducibility and reliability of the meas-
urements.

[0040] It has been observed by the present inventors,
that in said embodiment the best results are obtained
when the panel comprising the optical fiber is composed
of a multi-layered fabric comprising a high weight filler of
at least 150 g/m2 as top layer and a low weight back layer
as base.

[0041] In one embodiment of the mattress cover the
top panel consists of the overlocked bag as described
herein and a bottom panel wherein; - said overlocked
bag is composed of a multi-layered fabric comprising a
high weight filler of at least 150 g/m2 as top layer and a
low weight back layer; and wherein said bottom panel is
composed of a multi-layered fabric comprising a high
weight filler of at least 150 g/m?2.

[0042] In another embodiment of the mattress cover
the bottom panel consists of the overlocked bag as de-
scribed herein and a top panel wherein; - said overlocked
bag is composed of a multi-layered fabric comprising a
high weight filler of at least 150 g/m2 as top layer and a
low weight back layer; and wherein said top panelis com-
posed of a multi-layered fabric comprising a high weight
filler of at least 150 g/m?2.

[0043] Thusinanevenfurtherembodimentthe present
invention provides a mattress cover consists of a top pan-
el and a bottom panel wherein both the top panel and
the bottom panel consist of the overlocked bag as de-
scribed herein. In particular a mattress cover wherein the
top panel or the bottom panel consists of an overlocked
bag comprising an optical fibre and composed of a multi-
layered fabric comprising a high weight filler of at least
150 g/m2 as top layer and a low weight back layer; and
wherein said other panel is composed of a multi-layered
fabric comprising a high weight filler of at least 150 g/m2.
[0044] In one embodiment the optical fibre within said
bed monitoring device or mattress cover comprising said
bed monitoring device, is located within the chest region
of mattress. In another embodiment the optical fibre is
located within the hip region of mattress, in a further em-
bodiment the optical fibre is located within the shoulder
region, in another embodiment the optical fiber is located
within the lower back region, in another embodiment the
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optical fiber is located within the upper leg region, and in
an even further embodiment the optical fibre is located
in the circumference of the mattress and in particular at
the long sides of the perimeter of the mattress.

[0045] Evidently in an even further embodiment, the
mattress cover or overlocked bag may comprise one or
more optical fibres wherein said fibres are located within
the chest region, shoulder region, lower back region, hip
region, upper leg region, circumference of the sleeping
environment (e.g. mattress) or combinations thereof. In
one embodiment the mattress cover or overlocked bag
comprises one optical fibre wherein said fibre is located
within any one of the chest region, shoulder region, lower
back region, hip region, upper leg region, circumference
of the sleeping environment (e.g. mattress) or combina-
tions thereof.

[0046] In a particular embodiment of the bed monitor-
ing device or of the mattress cover comprising said bed
monitoring device, the optical fiber is located within the
lower back, hip and upper leg region of the mattress or
sleeping environment. As further shown in the accompa-
nying figures, when allocated in the circumference of the
sleeping environment (See Figure 5) this configuration
is particularly useful in determining a person entering or
leaving the bed, and is accordingly useful in medical serv-
ice, geriatric care, mental health care services, etc ...,
where continuous surveillance of patients that for differ-
ent reasons cannot be permitted to leave the bed is re-
quired. The system alarms the nurse / care staff from the
moment the patient wants to leave his bed. Thus before
a possible fall so that accidents can be avoided.

[0047] In said embodiments, wherein the measuring
zones of the optical fibre are located at the circumference
of the mattress or sleeping environment, the break points
alongside the length of the optical fibre are realized by
means of thin, hard, rigid materials (9) fixed to support
members (10) at either side of, and thus surrounding the
optical fibre, interlocked at the base fabric of the over-
locked bag, and spaced from one another from about 2
cmto about 10 cm, in particular spaced from one another
at about every 2.5, 3.0, 3.5, 4.5, 5.0, 5.5, 6.0 cm.
[0048] In said embodiments, wherein the measuring
zones of the optical fibre are located within the chest
region, shoulder region, lower back region, hip region,
upper leg region of the mattress or sleeping environment,
the break points alongside the length of the optical fibre
are realized by means of thin, hard, rigid materials (9)
fixed to support members (10) at either side of the optical
fibre, interlocked at the base fabric of the overlocked bag,
and spaced from one another from about 5 mm to about
1 cm, in particular spaced from one another at about eve-
ry2,3,4,5,6,7,80r9cm.

[0049] In said embodiments wherein the optical fibre
is located within the chest region, shoulder region, lower
back region, hip region, upper leg region, the measuring
zones of the optical fibre are arranged in a plurality of
stripes of wavy lines across the width of the mattress
cover. In particular the measuring zones of the optical
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fibre are arrangedin atleast 3, in particular up to 6 stripes,
more in particular up to 10 stripes of wavy lines across
the width of the mattress cover. In said embodiments the
fibre is interlocked to the base of the overlocked bag, by
means of support members (10) surrounding the optical
fiber and comprising pressure points at regular intervals,
in particular spaced from one another at about every 2,
3,4,5,6,7,80r9cm.

[0050] As already mentioned hereinbefore, dependent
on the localization of the optical fibre within said sleeping
environment different bodily activities may be assessed.
For example, when solely allocated in the circumference
of the sleeping environment, the bed-monitoring device
allows detecting of a person entering or leaving the bed.
When allocated at shoulder, lower back, chest, hip re-
gion, upper leg region, or combinations thereof, the bed-
monitoring device enables for example detection of
breathing, heartbeat motion, presence or absence of a
person using the sleeping environment.

[0051] Accordingly, the present invention further pro-
vides the use of the bed-monitoring device as described
herein for one or more of the following applications; de-
tecting of a person entering or leaving the bed, breathing,
heartbeat motion, presence or absence of a person using
the sleeping environment. In detecting the presence or
absence of a person using the sleeping environment the
bed-monitoring device is either positioned on top or un-
derneath of the mattress, futon or the like; in particular
underneath of the mattress, futon or the like.

[0052] Thus in one embodiment the present invention
provides a mattress cover for detecting of a person en-
tering or leaving the bed; said mattress cover comprising
a top panel and a bottom panel, wherein the top panel
consists of an overlocked bag as described herein, and
characterized in that the optical fibre is allocated at the
circumference of the sleeping environment, more in par-
ticular with the measuring zones at the long sides of the
perimeter of a mattress; even more in particular with the
measuring zones below the hip zone at the long sides of
the perimeter of the mattress.

[0053] Withreference to Figure 5, as anexemplary em-
bodiment of the integration of the optical fiber in a bed-
monitoring device according to the invention, further to
the measuring zones that are allocated below the hip
zone and at the long sides of the perimeter of the mat-
tress, further guiding means (11) for the optical fiber may
be present in the bed-monitoring device(s) of the present
invention. In the present example they guide the optical
fiber throughout the circumference of the sleeping envi-
ronment, in particular in the circumference of the mat-
tress.

[0054] Thusinanembodimentofthe presentinvention,
the bed monitoring device(s) and mattress covers as de-
scribed herein may further comprise guiding means (11)
forthe optical fiber. Again and similar to the support mem-
bers defining the measuring zones, these guiding means
will not result in an absolute immobilization of the optical
fiber but still allow a limited mobility of the optical fibre
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with respect to the substrate support material. In other
words, these guiding means will consist of sleeves,
tubes, rings or combinations thereof fixed to the substrate
supportmaterial, and capable of slidably accommodating
the optical fiber. Typically these guiding means are made
from the same materials as the support members com-
prising the pressure points, i.e. they are made of a flex-
ible, pliant material capable of accommodating changes
in shape or orientation of the bed mattress.

[0055] Thus in a particular embodiment of the present
invention, the guiding means are made of bands, slabs
or strips. More in particular made from a woven or non-
woven fabric; even more in particular a pliant woven or
non-woven fabric. In an even further embodiment of the
present invention the guiding means (11) form a sleeve
or tube that slidable fits around said fiber. The sleeve are
fixed (stitched (16) to the substrate support material
(base fabric of the overlocked bag) and vary in width from
about 2.0 cm to about 6.0 cm; in particular from about
3.5 cm to about 5.0 cm. Where the support members
comprising the pressure points define measuring zones
along the optical fiber, the guiding means, given the ab-
sence of the pressure points, define 'non’-measuring
zones along the optical fibre. Combining such measuring
and non-measuring zones along the optical fiber and
throughout the sleeping environment allows tailoring the
sensitivity of the bed monitoring device(s) to the requisite
needs.

[0056] In the embodiment shown in Figure 5, the ab-
sence of measuring zones in the head, shoulder and hip
area greatly reduced false signals in monitoring a person
entering or leaving the bed. For example the free loop of
the optical fiber between the guiding means in the head
to shoulder region and the measuring zone below the hip
region, gives the optical fiber sufficient freedom of move-
ment to accommodate bending of the bed in upward (sit-
ting) position without disturbing the measuring. To protect
these free loops of optical fiber from getting damaged,
they may be put into a protector cable (15).

[0057] Since in the bed-monitoring devices as de-
scribed herein the optical fiber is not fixed to the substrate
support material it may inadvertently be removed. It can
slide out of the guiding means and the support members
surrounding it. Consequently, in a particular embodiment
the bed-monitoring device is further characterized in that
it comprises at least one anchoring mean (12,13) to hold
and prevent the optical fiber from sliding out of the bed-
monitoring device. In a particular embodiment said an-
choring means is/ are present at the entrance and/or exit
of the optical fiber with the overlocked bag. Itis an anchor
in that it will prevent the optical fiber from being removed,
but still gives it a certain space trough the presence of
an anchor rode. As such, the anchor part (13) is fixed to
the overlocked bag and the anchorrode (12) to the optical
fiber, such as for example using a heat shrink (16).
[0058] A further exemplary embodiment of the bed-
monitoring device according to the presentinvention, and
particularly useful in assessing presence and/or absence
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of a person, is provided in Figure 6. In said instance the
measuring zones, consisting of the support members
(10) comprising the pressure points, are solely present
at the lower back, hip and upper leg zone of the sleeping
environment. Further guiding members (11) are present
in-between each of said measuring zones and at the top
and side-member of the substrate support material.
Again, said guiding members include long sleeve like
guiding means (11a) in the upper perimeter of the sleep-
ing environment and one ore more shortring-like sleeves
(11b) in-between the measuring zones.

[0059] As suchit provides a mattress cover for detect-
ing assessing presence and/or absence of a person; said
mattress cover comprising a top panel and a bottom pan-
el, wherein the top panel consists of an overlocked bag
as described herein, and characterized in that the optical
fibre is allocated at the lower back, hip and upper leg
zone of the sleeping environment, more in particular with
the measuring zones at the lower back, hip and upper
leg zone of the sleeping environment.

Claims

1. A bed-monitoring device comprising an optical fiber
(8) fixed within an overlocked bag (1) consisting of
a top layer (4) and a base (5), such as for example
made of standard fabrics used in the manufacture
of mattress covers, mattress ticking and the like, in-
cluding a woven, knitted or non-woven fabric; where-
in the optical fiber is interlocked at the base of said
overlocked bag using one or more support members
(10) defining measuring zones along said optical fib-
er and characterized in that said support members
surround said optical fiber and comprise pressure
points (9) at regular intervals alongside the length of
the optical fibre and wherein the one or more support
members (10), surrounding the optical fiber and de-
fining the measuring zones, form a sleeve or tube
that slidably fits around the optical fiber.

2. The bed monitoring device according to claim 1,
wherein the support members defining said meas-
uring zones are made of a flexible, pliant material;
in particular selected from flexible, pliant bands,
slabs or strips; comprising pressure points at regular
intervals.

3. The bed monitoring device according to claims 1 or
2, wherein the pressure points at said support mem-
bers are made from hard, rigid materials; in particular
selected from the group consisting of blocks, slabs,
strips, bands, threads or plates fixed to the support
members at the side facing the optical fiber; more in
particular U-strips fixed to the support members with
the legs facing the optical fiber.

4. The bed monitoring device according to any one of
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claims 1 to 3, wherein the pressure points alongside
the length of the support members are spaced from
one another at about every 1 cm to about every 10
cm.

The bed-monitoring device according to claim 1,
wherein the top layer consists of a fabric with a high
weight of at least 150 g/m2, in particular a knitted
fabric with a high weight of at least 150 g/m?2.

The bed-monitoring device according to claim 1,
wherein the base consists of a fabric with a low
weight of up to about 200 g/m2, in particular a knitted
fabric with a low weight of up to about 200 g/mZ2.

The bed-monitoring device according to any one of
claims 1 to 6, wherein the top layer of the overlocked
bag consists of a spacer knitwear or spacer fabric
comprising standard filler materials such as textured
polyester, hollow polyester fibres, nylon yarns, foam
materials or the like.

The bed-monitoring device according to any one of
claims 1 to 7, wherein the base of the overlocked
bag consists of an elastic fabric.

The bed-monitoring device according to any one of
claims 1 to 8, wherein the base and the top of the
overlocked bag are removably attached to one an-
other, such as for example by means of a zipper.

A mattress cover comprising the bed-monitoring de-
vice according to any one of claims 1 to 9, wherein
the overlocked bag comprising the optical fibre, con-
stitutes the top panel and/or the bottom panel of said
mattress cover.

The mattress cover according to claim 10, wherein
the panel(s) comprising the optical fiber is (are) com-
posed of a multi-layered fabric comprising a high
weight filler of at least 150 g/m? as top layer and a
low weight back layer as base.

The mattress cover according to any one of claims
10 to 11, wherein the optical fibre in the top panel is
located in the circumference of the top panel and the
measuring zones are situated in the lower back re-
gion, hip region and upper leg region, and/or the op-
tical fibre in the lower panel is arranged in a plurality
of stripes of wavy lines across the width of the mat-
tress cover and the measuring zones are situated in
the lower back region, hip region and upper leg re-
gion.

The mattress cover according to claim 12, wherein
the optical fibre is arranged in at least 3, more in
particular up to 6 stripes, even more in particular up
to 10 stripes of wavy lines across the width of the
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mattress cover.

Patentanspriiche

1.

Bettiiberwachungsvorrichtung, umfassend eine
Glasfaser (8), welche innerhalb eines Uberdeckten
Beutels (1) befestigt ist, bestehend aus einer oberen
Schicht (4) und einer Basis (5), wie beispielsweise
hergestellt aus Standardstoffen zur Verwendung in
der Herstellung von Matratzenschonern, Matratzen-
bezliigen und &hnlichem, einschlieRlich eines ge-
webten, gestrickten oder nicht gewebten Stoffes;
wobei die Glasfaser an der Basis des Gberdeckten
Beutels unter Verwendung eines oder mehrerer
Stitzelemente (10), welche Messzonen entlang der
Glasfaser definieren, verriegeltist, und dadurch ge-
kennzeichnet, dass die Stitzelemente die Glasfa-
ser umgeben und Druckpunkte (9) an regelmaRigen
Intervallen entlang der Lange der Glasfaser umfas-
sen und wobei das eine oder die mehreren Stltze-
lemente (10), welche die Glasfaser umgeben und
die Messzonen definieren, einen Uberwurf oder
Schlauch bilden, welcher verschiebbar rund um die
Glasfaser passt.

Bettliberwachungsvorrichtung nach Anspruch 1,
wobei die Stlitzelemente, welche die Messzonen de-
finieren, aus einem flexiblen, biegsamen Material
hergestellt sind; insbesondere ausgewahlt aus fle-
xiblen, biegsamen Bandern, Platten oder Streifen;
umfassend Druckpunkte an regelmaRigen Interval-
len.

Bettliberwachungsvorrichtung nach Anspruch 1
oder 2, wobei die Druckpunkte an den Stltzelemen-
ten aus hartem, starren Materialien hergestellt sind;
insbesondere ausgewahlt aus der Gruppe, beste-
hend aus Blocken, Platten, Streifen, Bandern, Faden
oder Tafeln, welche an den Stiitzelementen auf der
Seite, welche der Glasfaser zugewandt ist, befestigt
sind; spezifischer U-Streifen, welche an den Stitz-
elementen befestigt sind, wobei die Schenkel der
Glasfaser zugewandt sind.

Bettliberwachungsvorrichtung nach einem der An-
spriiche 1 bis 3, wobei die Druckpunkte entlang der
Lange der Stltzelemente etwa alle 1 cm bis etwa
alle 10 cm voneinander beabstandet sind.

Bettliberwachungsvorrichtung nach Anspruch 1,
wobei die obere Schicht aus einem Stoff mit einem
hohen Gewicht von zumindest 150 g/m2 besteht, ins-
besondere einem gestrickten Stoff mit einem hohen
Gewicht von zumindest 150 g/mZ.

Bettiiberwachungsvorrichtung nach Anspruch 1,
wobei die Basis aus einem Stoff mit einem geringen
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Gewicht von bis zu etwa 200 g/m?2 besteht, insbe-
sondere einem gestrickten Stoff mit einem geringen
Gewicht bis zu 200 g/m?2.

Bettiberwachungsvorrichtung nach einem der An-
spriiche 1 bis 6, wobei die obere Schicht des Uber-
deckten Beutels aus einer Abstandhalter-Strickware
oder einem Abstandhalter-Stoff besteht, welche
bzw. welcher Standardfiillmaterialien wie beispiels-
weise strukturiertes Polyester, Polyesterhohlfasern,
Nylongarne, Schaumstoffmaterialien oder dhnliches
umfasst.

Bettiberwachungsvorrichtung nach einem der An-
spriiche 1 bis 7, wobei die Basis der liberdeckten
Beutels aus einem elastischen Stoff besteht.

Bettiberwachungsvorrichtung nach einem der An-
spriiche 1 bis 8, wobei die Basis und die Oberseite
des Uberdeckten Beutels abnehmbar aneinander
befestigt sind, wie beispielsweise mithilfe eines
ReilRverschlusses.

Matratzenschoner, umfassend die Bettliberwa-
chungsvorrichtung nach einem der Anspriiche 1 bis
9, wobei der Uiberdeckte Beutel, welcher die Glasfa-
ser umfasst, die obere Flache und/oder die untere
Flache des Matratzenschoners darstellt.

Matratzenschoner nach Anspruch 10, wobei die Fla-
che(n), welche die Glasfaser enthalt (enthalten) aus
einem mehrschichtigen Stoff zusammengestellt ist
(sind), welcher eine Fillung mit hohem Gewicht von
zumindest 150 g/m2 als obere Schicht und eine hin-
tere Schicht mit geringem Gewicht als Basis um-
fasst.

Matratzenschoner nach einem der Anspriiche 10 bis
11, wobei die Glasfaser in der oberen Flache sich in
dem Umfang der oberen Flache befindet und die
Messzonen sich in dem unteren Rickenbereich,
Hiftbereich und oberen Beinbereich befinden
und/oder die Glasfaser in der unteren Flache in einer
Vielzahl von Streifen von Wellenlinien Giber die Breite
des Matratzenschoners angeordnet ist und die
Messzonen sich in dem unteren Rulckenbereich,
Huftbereich und oberen Beinbereich befinden.

Matratzenschoner nach Anspruch 12, wobei die
Glasfaserin zumindest 3, spezifischer bis zu 6 Strei-
fen, noch spezifischer bis zu 10 Streifen von Wel-
lenlinien Gber die Breite des Matratzenschoners an-
geordnet ist.

Revendications

1.

Dispositif de surveillance de lit comprenant une fibre
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optique (8) fixée a I'intérieur d’un sac surfilé (1) cons-
titué d’'une couche supérieure (4) et d’'une base (5),
composé par exemple de tissus standard utilisés
dans la fabrication de protége-matelas, de toile a
matelas et autres matiéres du méme type, y compris
d’un tissu tissé, maille ou non tissé ; dans lequel la
fibre optique est encastrée dans la base dudit sac
surfilé a l'aide d’un ou plusieurs éléments de support
(10) définissantles zones de mesure le long de ladite
fibre optique, et caractérisé en ce que lesdits élé-
ments de support entourent ladite fibre optique et
comprennent des points de pression (9) aintervalles
réguliers sur toute la longueur de la fibre optique, et
dans lequel le ou les élément(s) de support (10) en-
tourant la fibre optique et définissant les zones de
mesure forment une gaine ou un tube qui permet
d’enceindre la fibre optique en coulissant.

Dispositif de surveillance de lit selon la revendication
1, dans lequel les éléments de support définissant
lesdites zones de mesure sont composés d’un ma-
tériau flexible, pliant, plus particulierement choisi en-
tre des tranches, pavés ou bandes flexibles et
pliant(e)s, et comprennent des points de pression a
intervalles réguliers.

Dispositif de surveillance de lit selon la revendication
1 ou 2, dans lequel les points de pression sur lesdits
éléments de support sont composés d’un matériau
dur, rigide, plus particulierement choisi dans le grou-
pe constitué de blocs, pavés, bandes, tranches, fils
ou plaques fixés aux éléments de support du coté
faisant face a la fibre optique, plus particulierement
de bandes en U fixées aux éléments de support avec
les branches face a la fibre optique.

Dispositif de surveillance de lit selon I'une quelcon-
que des revendications 1 a 3, dans lequel les points
de pression positionnés sur la longueur des élé-
ments de support sont espacés d’une distance ré-
pétée d’environ 1 cm a environ 10 cm.

Dispositif de surveillance de lit selon la revendication
1, dans lequel la couche supérieure est constituée
d’un tissu ayant un poids élevé d’au moins 150 g/m2,
plus particulierement un tissu maille d’un poids élevé
d’au moins 150 g/m2.

Dispositif de surveillance de lit selon la revendication
1, dans lequel la base est constituée d’un tissu ayant
un poids faible allant jusqu’a environ 200 g/m2, plus
particulierement un tissu maille d’un poids faible al-
lant jusqu’a 200 g/m2,

Dispositif de surveillance de lit selon I'une quelcon-
que des revendications 1 a 6, dans lequel la couche
supérieure du sac surfilé consiste en une toile maille
de séparation ou en un tissu de séparation, compre-
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nant des matériaux de garniture standard tels que :
polyester texturé, fibres polyester creuses, fils de ny-
lon, matériaux mousse ou équivalents.

Dispositif de surveillance de lit selon I'une quelcon-
que des revendications 1 a 7, dans lequel la base
du sac surfilé consiste en un tissu élastique.

Dispositif de surveillance de lit selon I'une quelcon-
que des revendications 1 a 8, dans lequel la base et
la partie supérieure du sac surfilé peuvent étre rat-
tachées et désassemblées, au moyen d’'une ferme-
ture a glissiere par exemple.

Protége-matelas équipé du dispositif de surveillance
de lit selon I'une quelconque des revendications 1 a
9, dans lequel le sac surfilé comprenant la fibre op-
tique constitue la face supérieure et/ou la face infé-
rieure dudit protége-matelas.

Protege-matelas selon la revendication 10, dans le-
quel la ou les face(s) comprenant la fibre optique est
(sont) composée(s) d’un tissu multicouche compre-
nant une garniture ayant un poids élevé d’au moins
150 g/mZ2 pour la couche supérieure et une couche
de fond ayant un faible poids pour la base.

Protége-matelas selon la revendication 10 ou 11,
dans lequel la fibre optique se trouvant dans la face
supérieure est située dans la circonférence de la fa-
ce supérieure, les zones de mesure sont situées au
niveau lombaire, au niveau de lahanche et au niveau
de la partie supérieure de lajambe, et/ou dans lequel
la fibre optique se trouvant dans la face inférieure
est disposée de sorte a former une multitude de ban-
des de lignes ondulantes sur toute la largeur du pro-
tege-matelas, et les zones de mesure sont situées
au niveau lombaire, au niveau de la hanche et au
niveau de la partie supérieure de la jambe.

Protége-matelas selon la revendication 12, dans le-
quel la fibre optique est disposée de sorte a former
au moins 3, plus particulierement jusqu’a 6 bandes,
encore plus particulierement jusqu’a 10 bandes de
lignes ondulantes sur toute la largeur du protége-
matelas.
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