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(57) Abréegée/Abstract:

A mattress arrangement, such as a bed arrangement (1), I1s disclosed, comprising an upper mattress (2) and optionally a lower
mattress (3). The mattresses (2,3) are preferably pocket spring mattresses. A support structure (41,42,43,44) is arranged beneath
the upper mattress (2), and comprises at least one flexible elongate element (42) arranged to extend between two holding
elements (43,44) arranged at opposite sides of at least one variable zone In the bed arrangement (1). A retraction device (45) Is
further arranged to control the slack of said flexible elongate element(s) (42)by controlling the length of the flexible elongate
element(s) being provided between the holding elements (43,44). Hereby, the height and/or firmness of the bed arrangement (1) Is
controlled in the variable zone(s).
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(57) Abstract: A mattress arrangement, such as a bed arrangement (1), 1s disclosed, comprising an upper mattress (2) and optionally
a lower mattress (3). The mattresses (2,3) are preterably pocket spring mattresses. A support structure (41,42,43,44) 1s arranged be -

neath the upper mattress (2), and comprises at least one tlexible elongate element (42) arranged to extend between two holding ele -
ments (43,44) arranged at opposite sides of at least one variable zone 1n the bed arrangement (1). A retraction device (45) 1s further

arranged to control the slack of said flexible elongate element(s) (42)by controlling the length of the tlexible elongate element(s) be-
ing provided between the holding elements (43,44). Hereby, the height and/or firmness of the bed arrangement (1) 1s controlled in

the variable zone(s).
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MATTRESS ARRANGEMENT, SUCH AS A BED, HAVING ZONES WITH ADJUSTABLE
HEIGHT/FIRMNESS

Field of the invention
The present invention relates to a mattress arrangement, such as a bed

arrangement, having at least one zone with adjustable height/firmness.

Background of the invention
In mattress arrangements, such as in a bed arrangement or other seating or

furniture arrangements, a support is provided to act on the weight or part of the
weight of a user, wherein the bed distributes the weight from the body of the user
over a part of a surface of the device. Depending on how the bed distributes the
weight of the user, the bed will appear as being either soft or firm. The degree of
firmness of such a bed is dependent on the properties of the elastic elements, such
as the spring constant, and how the elastic members have been mounted in the bed,
such as the degree of clamping or pre-tensioning. Thus, the firmness of the bed is
normally set at the manufacturing of the device.

However, different persons wish and require different firmness. Further,
different body parts may require different firmness.

It is known to provide bed arrangements with variable firmness. By inducing
deformation to the elastic members to different degrees, the firmness of the device
is adjustable. The deformation member has the ability to deform the elastic member
independently from the deformation of the elastic member induced by the being.
This means that the firmness of the bed is adjustable during initialization, according
to the wishes of the user. [t is also possible to compensate the firmness of the device
for possible changes in the elastic properties of the elastic arrangement over time.
Still further, it is known to vary the firmness independently in various zones/sections
In @ mattress.

Such known solutions are e.g. disclosed in EP 2 245 967 and WO
2009/120270. Both these documents also discloses the possibility of sensing the
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2
pressure being applied on different zones, and to control the firmness of different
zones automatically, in order to lower the overall pressure.

Further, it is known to provide variation in firmness of a mattress by
arranging coil springs on support plates having variable height. The height of the
support plates may be controlled by rotatable elements arranged under the support
plates, and having an off-centre rotation axis. Hereby, by rotation of the rotatable
elements, the plates assume various height positions. Such firmness adjustment
means are e.g. discussed in US 3 340 548 and US 2011/0258772. It is also known to
use a similar arrangement with support plates having variable height where the
height of the support plates may be controlled by displacement members in the
form of linear motors, jacks, and other types of lifting mechanism. Such firmness
adjustment means are e.g. discussed in AU 55 13 00, US4 222 137, US
2006/0253994, WO 99/65366 and EP 2 245 967.

It is also known to provide zones having variable firmness realized by
inflatable elements, in which the pressure is independently variable by means of
pressurization means. Such firmness adjustment means are e.g. discussed in WO
2009/120270.

Further, it is known to realize mattresses with variable firmness by a
combination of inflatable elements and other resilient elements, such as coil springs,
as is e.g. discussed in US 5 113 5309.

May other firmness adjustment means are also feasible, such as by arranging
threads through the mattress, whereby the height position and/or tension is
variable, such as is e.g. discussed in US 4 667 357.

However, common problems with these previously known bed arrangements
with variable firmness are that they are relatively complex, heavy and costly to
produce. Further, these known bed arrangements are also often relatively difficult
and cumbersome to use. Further, even though these known bed arrangements
provide a certain degree of adjustability, this is often inadequate for the users’
needs.

1t is therefore still a need for a mattress arrangement, and in particular a bed
arrangement, with adjustable firmness/height which alleviates the above-discussed

problems.
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summary of the invention
1t is therefore an object of the present invention to at least partly overcome

these problems, and to provide an improved mattress arrangement.

These, and other objects that will be apparent from the following, are
achieved by a mattress arrangement, and a method for controlling such a mattress
arrangement, according to the appended claims.

According to a first aspect of the invention there is provided a mattress
arrangement, such as a bed arrangement, comprising:

ah upper mattress;

a support structure arranged beneath the upper mattress, wherein the
support structure comprises at least one flexible elongate element arranged to
extend between two holding elements arranged at opposite sides of at least one
variable zone, and a retraction device arranged to control the slack of said flexible
elongate element(s) by controlling the length of the flexible elongate element(s)
being provided between said holding elements, thereby controlling the height
and/or firmness of the bed arrangement at said variable zone(s).

The mattress arrangement may be a bed arrangement, but other types of
seating or furniture arrangements are also feasible. In particular, the mattress
arrangement comprises a mattresses, e.g. in the form of a bed mattress, a cushion
or the like, for accommodating the weight of a user. Such mattresses may e.g. be
used in seats for all sorts of vehicles, upholstered furniture, bed arrangements and
the like.

The support structure may be a separate support structure, such as a bed
frame or the like, on which the upper mattress rests. However, the support structure
may also be integrated with the upper mattress, such as being a mattress frame
forming an integral part with the mattress. In the latter case, the upper mattress and
the support structure may also be commonly enclosed in a cover fabric. The support
structure may also form a support under the whole upper mattress, or form a
support only for a limited part of the upper mattress. Thus, the support structure
may have horizontal dimensions corresponding with, or even exceeding, the
horizontal dimensions of the upper mattress, or have more limited horizontal

dimensions than the upper mattress. In case the support structure has more limited
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horizontal dimensions than the upper mattress, it is preferred that the support
structure has a width dimension corresponding, or even exceeding the width
dimension of the upper mattress, but has a length dimension being smaller, or even
much smaller, than the length dimension of the upper mattress.

The sleeping/sitting/resting experience, and what is considered comfortable
and not, varies greatly from person to person. Further, a user often may find it more
comfortable to have a softer mattress when using one lying position, such as on the
stomach, i.e. in a prone position, or on the side, than when resting in other sleeping
positions, such as on the back, i.e. in supine position. The present invention provides
an efficient, yet relatively simple and cost-efficient, way of varying the mattress
properties in dependence of the user’s wishes, and e.g. based on the choice of lying
position. It has been found that this greatly improves the sleeping and resting
experience, which provides better resting and sleeping quality. Improved sleep and
rest also improves the health of the user, and overall leads to an improved quality of
life.

Prior to the present invention, mattresses and seats/beds with adjustable
properties were known to be complex, heavy and costly, and also difficult and
cumbersome to use. In contrast, the present invention provides a mattress
arrangement, such as a bed arrangement, with adjustable properties which weighs
very little, is relatively simple and cost-efficient to produce, which is easy to operate
for the user, and which is easy to modity, e.g. for using more or fewer adjustable
zones. The mattress arrangement also lends itself very well for automated or semi-
automated manufacturing.

The term “zone” is here to be construed broadly, indicating the whole or a
part of the mattress arrangement. If only one zone is provided, this zone may be
provided to extend over the entire mattress arrangement. Alternatively, a variable
zone may be provided to extend over only part of the area of the mattress
arrangement, whereby one or several non-variable zone(s) are also provided.
Further, several variable zones may be provided. In this case, the two or more
variable zones may together extend over the entire area of the mattress
arrangement. Alternatively, the two or more variable zones may be complemented

by one or more non-variable zone(s).
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The support structure arranged beneath the upper mattress provides a
variable support for the variable zone(s). The support for the/each zone is provided
by one or more flexible elongate element, each having a variable slack. When the
slack decreases, i.e. when the flexible elongate elements are tightened in, the height
and/or firmness of the zone increases, and when the slack increases, i.e. when the
flexible elongate elements are loosened, the height and/or firmness decreases.

't has been found that by a low or moderate variation of the slack,
considerable variations in firmness properties are obtained. The firmness is also
controllable in a very precise and predictable way.

The flexible elongate elements are preferably provided in the form of straps
or cords, and preferably of a pliable but non-elastic material.

The mattress arrangement further preferably comprises a lower mattress
being arranged beneath said upper mattress, wherein said holding elements are
arranged between the lower mattress and the upper mattress. Hereby, the upper
mattress is supported by the lower mattress. When the slack of the flexible elongate
element(s) increases, this allows the upper mattress to sink into the lower mattress,
thereby increasing the softness of the bed/seat. When the slack is reduced, this
prohibits the upper mattress to sink into the lower mattress, resulting in a firmer
zone. In addition to providing an overall increased comfort, the use of both an
upper and lower mattress in this way also ensures that the upper surface of the
mattress arrangement will always be planar, regardless of whether the flexible
elongate element(s) are tightened or not. If no lower mattress is used, there is a risk
that the upper surface will have lowered areas at the zone(s) when the slack of the
flexible elongate element(s) is increased, but when using a lower mattress in this
way, no such risk is present. The lower mattress is preferably softer, at least in a part
underlying said variable zone(s), than said upper mattress, which pronounces the
above-discussed effect.

The mattress arrangement may further comprise a frame in which said lower
mattress is arranged, and wherein the holding elements are connected to said
frame. The frame can e.g. be made of wood, plastic or metal. The frame is preferably
arranged to at least partly surround the lower mattress. Optionally, the frame may

also extend to at least partly surround the upper mattress.
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One of said holding elements is preferably a fixed holding element, fixedly
holding one end of the flexible elongate element(s), and the oppositely arranged
holding element is preferably a displacement holding device, enabling holding of the
flexible elongate element(s) in various displaced positions. The displacement holding
device may e.g. be realized as a sliding surface or a roll, defining a path between the
retraction device and the fixed holding element.

The retraction device may be arranged beneath a plane in which the holding
elements are positioned. For example, the retraction device may be arranged at the
lower surface of the mattress arrangement, beneath the lower mattress. However,
alternatively the retraction device may be arranged essentially in the plane in which
the holding elements are positioned. In such an embodiment, the retraction device
is arranged between the upper and lower mattresses.

The retraction device may preferably be arranged to retract the flexible
elongate element(s) by at least one of rolling up the element(s) around an axle,
pulling the element(s) and pushing the element(s). The retraction device is
preferably operated by means of at least one of an electric motor and an electric
pump.

However, the retraction device may also be operated manually. For example,
a lead screw or translation screw may be used. A knob, wheel or any other type of
handle may then be manually rotated, thereby rotating the screw, resulting in a
corresponding displacement of the connection of the flexible elongate elements.
Other type of manually operable retraction devices are also feasible, such as by
providing longitudinally separate holes in the flexible elongate elements, which are
releasably connected to holding pins or the like in various displaced positions.

The flexible elongate element(s), such as strap(s) or cord(s), is/are preferably
formed of a non-elastic material. Hereby, the controllability of the height/firmness is
improved. However, elastic or somewhat elastic flexible elongate elements may also
be used.

Only one flexible elongate element may be arranged to extend underneath
each of said variable zone(s). In this case, the flexible elongate element is preferably
relatively wide, preferably extending over a substantial part of the width of the
variable zone, such as extending over more than 50% of the width of the variable

zone, and even more preferred extending over more than 70%. However, preferably
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7
at least two parallel flexible elongate elements are arranged to extend underneath
each of said variable zone(s). More than two parallel flexible elongate elements may
also be used. If the mattress comprises rows of resilient elements, such as coil
springs, it is preferred that the number of flexible elongate elements underneath
each variable zone corresponds to the number of rows of resilient elements of the
Zones.

One or several flexible elongate element(s) may also be integrated in a
common piece of material having greater dimensions. For example, one or several
flexible elongate element(s) may be formed in a piece of woven or hon-woven fabric
or the like. This fabric may extend over essentially the whole variable zone(s), or
even the whole mattress. The integrally formed flexible elongate element(s) may
here be provided by arranging the two holding elements at opposite sides of only a
limited part of the fabric, e.g. corresponding to at least one variable zone, to control
the slack of said integrally formed flexible elongate element(s) by controlling the
length of the flexible elongate element(s) being provided between said holding
elements, thereby controlling the height and/or firmness of the bed arrangement at
said variable zone(s). In this case, the rest of the fabric will be affected only to a very
limited extent, or not at all.

The mattress arrangement preferably comprises at least two zones, of which
at least one constitutes a variable zone.

Further, the mattress arrangement preferably has at least two variable
zones, and the support structure preferably comprises at least one flexible elongate
element for each of said variable zone, arranged to extend between two holding
elements arranged at opposite sides of said variable zones, and wherein the
retraction device is arranged to control the slack of said flexible elongate element(s)
for each of said zones independently. Hereby, two or more zones with
independently variable height/firmness is provided in the mattress arrangement.
More than two variable zones may also be provided, such as three, five or seven. For
example, different zones with variable firmness may be provided at |east for the
user’s hip part and shoulder part. Such zones may be provided also for the user’s
feet part and head part. In between these zones, zones being provided with a

constant firmness may be provided. However, alternatively also these zones may
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have a variable firmness. Thus, in more refined embodiments, 7, 10 or even more zones with variable
firmness may be provided.

Preferably, the mattress arrangement, and preferably a bed arrangement, further comprises
at least one sensor, said sensor(s) being adapted to measure a physical parameter which is
proportional to a weight acting on the mattress by the user or a lying position used by the user; and a
control unit arranged to determine, based on input from said sensor(s), the present weight/lying
position of the user, and to control the retraction device to adjust the slack of the flexible elongate
element(s) to preset values corresponding to the determined weight or lying position. Hereby, the
bed arrangement may automatically adjust to preferences of different users, different lying
positions, etc.

The sensors are preferably arranged as an array of sensors being arranged over the mattress
surface. For example, the sensors may be arranged in a preferably flexible and planar sensor
envelope arranged on top of the mattress. The sensor envelope may have an electrical impedance
characteristic that varies with a normal force exerted thereon. In particular, the sensor envelope may
include an upper flexible electrically conductive sheet comprising an upper sensor conductor, a lower
flexible electrically conductive sheet comprising a lower sensor conductor, and a flexible
intermediate layer, such as a piezoresistive layer, having an active sensor region which has an
electrical impedance characteristic that varies with a normal force exerted thereon, said
intermediate layer being located between said upper and lower conductive sheets. The upper and
lower sheets are here conductively coupled to the intermediate layer. The sensors may preferably
have a non-bilateral current-versus-voltage impedance characteristics. The piezoresistive layer is e.g.
realizable as electrically conductive particles suspended in a polymer matrix. The electrically
conductive particles may e.g. be provided with a coating including at least one metallic oxide, such as
copper oxide, to thereby form with said layer a semi-conducting PN-junction. The envelope is
preferably made, at least partially, of an elastically stretchable material, and preferably by
stretchable fabric. Examples of such sensor envelopes that may be used in the above-discussea

mattress/bed arrangement are the ones disclosed in US 8 161 826 and WO 2009/120270.

CA 2896356 2018-08-02
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The firmness of the variable zones may also be controlled manually. For
communication with the control unit, a remote control may be used, which is
adapted to communicate with the control unit, e.g. through a wireless interface.
One or several sensor(s) may also be provided to determine the
5 position/state of the flexible elongate element(s) and/or the retraction device,
thereby enabling determination of the current level of slack in the flexible elongate
elements. For example, a pulse transducer or pulse generator may be provided in
the retraction device to this end. Information from such sensor(s) may be used to
provide information of the current slack level to the user, e.g. to be presented in a
10  display on a remote control for the mattress/bed arrangement. The sensor(s) may
also be to enable automatic resumption of one or several previously stored
positions, such as predetermined or pre-stored slack levels, to resume a
predetermined default position or the like.
As discussed above, the support structure may have horizontal dimensions
15  corresponding to, or even exceeding, the horizontal dimensions of the upper
mattress. However, the support structure may also have more limited horizontal
dimensions, e.g. corresponding to only the horizontal dimensions of the variable
zone(s).
The variable zone(s) preferably extend(s) over essentially the whole width of
20 the upper mattress. In case several zones are provided, the zones are preferably
separated in a longitudinal direction of the mattress. Since the same firmness is
usually requested, regardless of the whether the user lies in the centre, or towards
one of the sides, there is usually no need to separate the zones in the width
direction. However, in case the mattress/bed arrangement is to be used by more
25  than one person simultaneously, or if there is a need to distinguish between
different lateral positions for other reasons, zones having variable firmness being
separated also in the width direction may be used. In this case, it is e.g. feasible to
use two separate, and independently operable support structures, and e.g. a
common upper mattress arranged above these two support structures.
30 The upper mattress may be of various types, such as having inflatable
elements, comprising resilient foam elements, resilient rubber, and the like.
However, preferably the upper mattress comprises a plurality of coil springs, and

preferably coil springs individually arranged in separate pockets of a cover material,
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10
to define a pocket spring mattress. The lower mattress may be of the same type as
the upper mattress, or of a different type.

When the upper mattress is a pocket spring mattress, each variable zone is
preferably formed of a mattress part which is freely displaceable in relation to other
parts of the mattress. This may e.g. be obtained by forming zones of strings of
pocket elements together by surface connections, such as by means of adhesive,
and not provide such connections between the strings between adjacent zones.

When the upper mattress is a pocket spring mattress, the flexible elongate
elements are preferably provided in the form of cords, which preferably extend
between adjacent rows of pocketed springs.

According to another aspect of the invention, there is provided a method for
adaptation of the properties of a mattress arrangement, comprising the steps:

providing an upper mattress;

providing at least one supporting flexible elongate element underneath said
upper mattress; and

controlling the slack of said flexible elongate element(s), thereby controlling
the height and/or firmness of the mattress arrangement in at least one variable
zone.

By means of these additional aspects of the invention, similar objects and
advantages as discussed above in relation to the first aspect of the invention are

obtainable.

Brief description of the drawings

These and other aspects of the present invention will now be described in
more detail, with reference to the appended drawings showing currently preferred
embodiments of the invention.

Fig 1 shows a schematic perspective view of an embodiment of a bed
arrangement according to the present invention;

Fig 2 shows a schematic exploded perspective view of the bed arrangement
of Fig 1;

Fig 3 shows a schematic perspective view of another embodiment of a bed

arrangement according to the present invention;
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Fig 4 shows a schematic cross-sectional view of the bed arrangement of Fig 3,
in accordance with a first embodiment;

Fig 5 shows a schematic cross-sectional view of the bed arrangement of Fig 3,
in accordance with a second embodiment;

S Figs 6a-6d show schematic top views of various possible zone configurations
useable in bed arrangements in accordance with the present invention;

Figs 7a-7c show schematic top views of different embodiments of sensor
arrangements on the mattress in bed arrangements in accordance with the present
Invention:

10 Fig 8 shows a more detailed view of one embodiment of sensor arrangement;

Figs 9a-9b show different perspective views, from above and beneath, of a
firmness/height adjustment arrangement according to one embodiment of the
present invention;

Fig 10 shows a perspective view from beneath of a firmness/height

15  adjustment arrangement according to another embodiment of the present
Invention;

Fig 11 shows a view from beneath of a firmness/height adjustment
arrangement according to still another embodiment of the present invention; and

Fig 12 shows a perspective view of a support structure having more limited

20  horizontal dimension, corresponding to the horizontal dimensions of only a flexible

Z0one.

Detailed description

In the following, the invention will be exemplified by means of bed
25 arrangements. However it is to be acknowledged by the skilled reader that the same
principles and functions may also be used in other types of mattress arrangements
using mattresses, e.g. in the form of a bed mattress, a cushion or the like, such as
seats for all sorts of vehicles, upholstered furniture, and the like. Accordingly, when
reference in the following is made to a bed or bed arrangement, it is to be
30 understood that this may also be used in other types of mattress arrangements, and
in particular other types of furniture arrangements.
A bed arrangement according to a first embodiment of the invention is

shown schematically in Fig 1. The bed arrangement has an adaptive height/firmness,
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and more specifically comprises at least one zone having independently adjustable
firmness. The bed arrangement may comprise a single zone, or two or more zones.
Further, in case several zones are used, one or more zones may be variable. Further,
one or more zones which are non-variable may also be used.

The bed arrangement 1 in Fig 1 is of so-called continental type, and
comprises an upper mattress 2. The bed arrangement in this exemplary
embodiment comprises three zones 21, of which the zone in the middle is variable,
and the other zones are non-variable. The upper mattress rests on a lower mattress
3, which also forms the base of the bed arrangement.

The adjustability of the variable zone(s) may, as illustrated in Fig 2, be
provided by means of a support structure 4 arranged beneath the upper mattress 2.
The support structure comprises a frame 41, and at least one flexible elongate
element, here in the form of a strap 42, arranged to extend between two holding
elements 43, 44 arranged at opposite sides of the frame and the variable zone(s).
One of the holding elements 43 is a fixed connection, fixedly connecting the strap(s)
to the frame. The other holding element is here a moveable fixation element 44. The
moveable fixation element 44 is here a rotatable axle, forming a retraction device 45
arranged to control the slack of the strap(s) by controlling the length of the strap
being provided between the holding elements. Hereby, the height and/or firmness
of the overlying upper mattress, and consequently the bed arrangement at the
variable zone(s), are controlled.

Rotation of the rotatable axle 45 may be controlled by an electric motor 46
or other drive unit, whereby rolling in of the straps decreases the slack and increases
the height/firmness, whereas rolling out increases the slack and decreases the
height/firmness. The retraction device may e.g. be controlled by means of a remote
control 47, which may be connected by wireless or wired connection to the drive
unit.

As will be discussed more thoroughly in the following, the flexible elongate
element(s) may also be of other types, such as in the form of cords or the like. Thus,
whenever reference is made to a strap, it may likewise be a cord or any other
suitable flexible elongate element, and vice versa.

In an alternative embodiment, illustrated in Figs 3-5, the bed arrangement 1’

Is of so-called Nordic type, and comprises an upper mattress 2, having at least one,
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zone 21. The upper mattress rests on a framed base 3. The frame may be empty, as
shown in Fig 4, or provided with a lower mattress 37, as shown in Fig 5.
Also in this embodiment, at least one of the zones 21 is a variable zone. The
adjustability of the variable zones may, as illustrated in Figs 4 and 5, be provided by
9 means of a support structure 4" arranged beneath the upper mattress 2. The support
structure is connected to the frame 3’, and comprises at least one strap 42 arranged
to extend between two holding elements 43, 44" arranged at opposite sides of the
frame and the variable zone(s). One of the holding elements 43 is a fixed connection,
fixedly connecting the strap(s) to the frame. The other holding element is here a

10  moveable fixation element 44’. The moveable fixation element 44’ is here a sliding
fixation element, such as a sliding surface, or a rotatable fixation element, such as a
roller. A retraction device 45’ is arranged to control the slack of the strap(s) by
controlling the length of the strap being provided between the holding elements.
Hereby, the height and/or firmness of the bed arrangement at the variable zone(s),

15  are controlled.

The retraction device 45" may here be provided as a piston arrangement,
arranged to pull or push the strap(s). The retraction device 45" may be arranged at
the side of the frame, as seen in the exemplary embodiment of Fig 4, or at the
bottom of the bed arrangement, as seen in the exemplary embodiment of Fig 5.

20 One embodiment of the support structure and retraction device is illustrated
in more detail in Figs 9a — 9b. The support structure is arranged on a frame 3’. The
frame may be provided with base forming ribs 31°, on which an optional lower
mattress may be arranged. A retraction device 45’ is here arranged at the bottom of
the frame. At least one strap 42, or other type of flexible elongate element, is

25 arranged to extend between two holding elements 43, 44’ arranged at opposite
sides of the frame and the variable zone(s). The holding element 43 is a fixed
connection, fixedly connecting the strap(s) to the frame. This may e.g. be arranged
as a bolted connection. The other holding element is here a displacement fixation
element 44°, here realized as a sliding fixation element. A further fixation element

30 46, here also realized as a sliding fixation element, is provided at the lower end of
the frame. The retraction device 45°is here arranged as a piston, pushing the end(s)

of the strap(s) 42 away to decrease the slack.
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In an alternative embodiment, shown in Fig 10, a similar support structure is
provided. However, here the retraction device 45” is instead arranged as a piston
pulling the end(s) of the straps(s) 42 to decrease the slack. The firmness/height of
the variable zone(s) may be controlled manually, e.g. by means of a remote control.
9 However, alternatively the variable zone(s) may be controlled automatically, e.g. to
adjust to certain weight distributions, lying positions or the like. Such embodiments
are shown schematically in Figs 7a-7c. Here, a sensor arrangement 5 may be
provided, preferably having at least one sensor 51 arranged on each of the zones.
The sensors are preferably adapted to measure a physical parameter which is

10  proportional to a weight acting on the mattress by the user in measurement areas of
the sensors. The sensors may be connected to the drive unit to adjust the
firmness/height of the zones. A control unit 6 may be arranged to receive input from
the sensors, and determine, based on this input, the present lying position of a user,
the weight distribution of the user, the deformation of the mattress, or the like.

15  Preferably, the control unit 6 is arranged to control the drive unit(s) to adjust the
firmness of the zones to preset firmness values corresponding to the determined
lying position.

The bed arrangement may comprise a single zone having variable firmness,
or a single zone having variable firmness, combined with one or more zones having a

20  non-variable firmness. However, preferably the bed arrangement comprises at least
two zones having independently adjustable firmness. [t may also comprise at least
three such zones, and even at least five zones. For example, different zones with
variable firmness may be provided at least for the user’s buttock and shoulder. Such
zones may be provided also for the user’s feet and head. In between these zones,

25  zones being provided with a constant firmness may be provided. However,
alternatively also these zones may have a variable firmness. Thus, in more refined
embodiments, 7, 10 or even more zones with variable firmness may be provided.

In Fig 6a, an exemplary embodiment having five zones with variable firmness
is illustrated. The zones may in this case correspond to head/neck, shoulders, pelvis,

30 legs and feet (from one side to the other).

In Fig 6b, an exemplary embodiment having seven zones with variable

firmness is illustrated. The zones may in this case correspond to head/neck,
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shoulder/upper back, lumbar, buttock/pelvis, thigh/knee, calf/lower leg and
foot/ankle (from one side to the other).

In Fig 6¢, the same zones as in Fig 6b are provided, but here, only the
shoulder/upper back zone and the buttock/pelvis zone have adjustable firmness,
whereas the other zones are provided with a fixed, non-variable firmness. The
thigh/knee, calf/lower leg and foot/ankle zones may in this case be provided as
three separate zones, as two zones or as one single zone.

However, the above-discussed zone configurations are only provided as
examples, and other zone configurations, involve more or fewer zones are also
feasible.

Preferably, the zones having independently adjustable firmness extends over
essentially the whole width of the mattress and being separated in a longitudinal
direction of the mattress. Such embodiments are illustrated in Figs 6a, 6b and 6c.
However, in case the bed arrangement is to be used by more than one person
simultaneously, or if there is a need to distinguish between different lateral
positions for other reasons, zones having variable firmness being separated also in
the width direction may be used. An example of such a zone configuration is
illustrated in Fig 6d. Here, seven zones in the longitudinal direction are provided, as
in Fig 6b, but in addition each longitudinal zone is also separated into two zones in
the width direction. Thus, in total this embodiment comprises 14 zones having
independently controllable firmness. Again, the above-discussed zone configuration
is only provided as an example, and a separation in two zones in the width direction
is equally feasible, as well as more than three, such as four, five or even more. Such
a configuration may e.g. be used for a double bed, intended for two persons. In such
a configuration, separate support structures may be provided, which are
independently controllable. The upper mattress may be two separate mattresses, or
one single mattress extending over both support structures.

The sensors are preferably arranged on top of the mattress. Various
configuration arrangements are feasible, depending on which type of sensors that
are used, and how fine resolution that is required. In Figs 7a-7c, some alternative
configurations are schematically illustrated.

In Fig 7a, a sensor arrangement providing one sensor area 51 in each zone is

illustrated. Hereby, the pressure being applied on each zone is determinable. In Fig
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/b, a sensor arrangement providing three sensor areas 51’ in each zone is illustrated,
the sensor areas being separated in a width direction of the mattress. Hereby, the
pressure being applied on each zone is determinable, but in addition, it is possible to
determine how the pressure on each zone is distributed between the centre and the
O  sides. In Fig 7c the sensor arrangement comprises an array of sensors areas 51”
within each zone, the sensors within each zone being separated both in the length
and width direction of the mattress. In the exemplary embodiment of Fig 7c, 5
sensor areas are provided in the length direction, and three sensor areas in the
width direction in each zone, providing a total of 15 sensor areas within each zone.

10  However, more or fewer sensor areas may be used, and the sensor areas may also
be arranged in different patterns. The number of sensor areas also need not be the
same in all the different zones.

The sensors may be adapted to measure a physical parameter proportional
to a weight acting on the mattress by the user and transfer measured information

15  regarding the physical parameter to the control unit. The physical parameter may
e.g. be pressure, weight, deformation, temperature, etc. Thus, by means of the
sensor, the weight subjected to the bedding arrangement is measurable. The
measured information is used as a basis for adjusting the firmness of the zones, as
will be discussed in more detail in the following.

20 Many different gauges may be used for realization of the sensors. For
example, one or several of manometers, piezoelectric strain gauges, capacitive
gauges, magnetic gauges, piezoelectric gauges, optical gauges, potentiometric
gauges and resonant gauges, thermocouple gauges and thermistor gauges may be
used. The sensors may be arranged within the mattress, below the mattress or on

25  top of the mattress.

In an exemplary embodiment, the sensors are realized as an array of sensors
being arranged over the mattress surface. For example, the sensors may be
arranged in a preferably flexible and planar sensor envelope arranged on top of the
mattress. The sensor envelope may have an electrical impedance characteristic that

30 varies with a normal force exerted thereon. Such an sensor arrangement is shown
schematically in Fig 8. Here, the sensor envelope includes an upper flexible
electrically conductive sheet 81 comprising upper sensor conductor(s) 82, a lower

flexible electrically conductive sheet 83 comprising lower sensor conductor(s) 84,
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and a flexible intermediate layer 85, such as a piezoresistive layer, having an active sensor region
which has an electrical impedance characteristic that varies with a normal force exerted thereon. The
intermediate layer 85 is located between the upper conductive sheet 81 and the lower conductive
sheet 83. The upper and lower sheets 81, 83 are here conductively coupled to the intermediate layer.
The sensors may preferably have a non-bilateral current-versus-voltage impedance characteristics.
The piezoresistive layer is e.g. realizable as electrically conductive particles suspended in a polymer
matrix. The electrically conductive particles may e.g. be provided with a coating including at least one
metallic oxide, such as copper oxide, to thereby form with said layer a semi-conducting PN-junction.
The envelope is preferably made, at least partially, of an elastically stretchable material, and
preferably by stretchable fabric. Examples of such sensor envelopes that may be used in the above-
discussed bed arrangement are the ones disclosed in US 8 161 826 and WO 2009/120270.

The control unit may be arranged to determine, based on input from said sensors, the
present lying position of a user continuously or regularly. For example, the control unit may
continuously monitor the sensor data, and evaluate whether a change in lying position has occurred,
or do such evaluation regularly, such as every 15 or 30 seconds, every minute, or the like. However,
alternatively or additionally, the control unit may be adapted to determine, based on input from said
sensors, the present lying position of a user when it is determined that a sensor input from any of the
sensors is changed compared to a last stored sensor value from said sensor by a magnitude
exceeding a predefined threshold value.

The mattress may be of various types, such as having inflatable elements, comprising
resilient foam elements, resilient rubber, and the like. However, preferably the mattress comprises a
plurality of coil springs, and preferably coil springs arranged in separate pockets of a cover material,

to define a pocket spring mattress.

In a pocket mattress realization of the present mattress, each zone is preferably arranged as
a separate pocket mattress, assembled together. However, a continuous pocket mattress extending
over several, or all, of the zones is also feasible. Each pocket mattress preferably comprises a

plurality of strings interconnected side by side by means of a surface attachment, such as adhesive,
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welding, Velcro or the like. Each string comprises a plurality of continuous
casings/pockets, formed by a continuous material and separated from each other by
means of transverse seams, such as welded seams. Each casing/pocket contains at
least one, and preferably only one, helical coil spring. The springs may have a spiral
turn with a diameter of approximately 2 to 10 cm, and preferably 6 cm.

However, as discussed above, other types of mattresses are also possible to
use in the above-discussed bed arrangement.

The flexible elongate elements may be arranged as straps, as discussed in the
previous exemplary embodiments. However, the flexible elongate elements may
also be provided in the form of cords, such as wires, strings, lines, ropes or the like
formed by e.g. metal, plastic and/or textile.

In particular, it is of advantage to use cords when the upper mattress is a
pocket spring mattress, as is schematically illustrated in Fig. 11. The cords 42" are
hereby preferably arranged between the rows formed by the strings 91 of the
pockets 92. The strings are connected to each other by surface attachments
arranged between the sides of adjacent strings, such as adhesive or the like. By
arranging the flexible elongate elements between the strings, rather than in the
middle of each string, the flexible elongate elements acts on the connections
between the strings rather than directly on the springs. Hereby, the resilience
between the upper and lower mattresses is maintained even when the slack
decreases, which increase the comfort of the bed arrangement, especially when
used in a more firm setting. Further the firmness/height variations become more

subtle, which improve the overall quality of the sleeping/resting experience.

The firmness adjustment means are preferably operable by a drive unit, such
as a drive motor, electrically and/or pneumatically controlling the firmness of the
various zones of the mattress.

In the above-discussed exemplary embodiments, the support structure is
formed by a frame having dimensions corresponding to the horizontal dimensions of
the upper mattress. However, the support structure may also have more limited
horizontal dimensions, e.g. corresponding only to the horizontal dimension of one
zone. An exemplary embodiment showing such a realization is shown in Fig 12.

In this embodiment, the support structure forms a box, through or the like,
arranged to receive the whole width of the mattress, but only a limited part of the
overall length of the mattress. The mattress is not shown in Fig 12 for improved

visibility.
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The support structure here comprises a self-contained frame 41’, having a bottom extending
underneath the mattress, and two side walls, extending on the side of the mattress, and possibly
lateral support walls, e.g. in the corners, to provide increased stability and rigidity. The bottom and
walls may not be solid, and may e.g. be provided by interconnected rods, bars or the like. Attached to
the self-contained frame, there is a retraction device 45’, here arranged at the bottom of the frame.
At least one strap 42’, or other type of flexible elongate element, is arranged to extend between two
holding elements 43, 44’ arranged at opposite sides of the self-contained frame and the variable
zone(s). As in the previous embodiments, the holding element 43 may be a fixed connection, fixedly
connecting the strap(s) to the frame, and the other holding element may be a displacement fixation
element 44’, here realized as a sliding fixation element. A further fixation element 46, here also
realized as a sliding fixation element, is provided at the lower end of the frame. The retraction device
45’is here arranged as a piston, pushing the end(s) of the strap(s) 42 away to decrease the slack.

In the exemplary embodiment of Fig 12, the flexible elongate elements are illustrated as
cords 42’, in the same way as discussed above in relation to Fig 11. However, other types of flexible
elongate elements, e.g. as discussed in relation to the other exemplary embodiments, may be used
as well in the self-contained frame.

The self-contained frame of Fig 12 has horizontal dimensions essentially corresponding to the
horizontal dimensions of one variable zone. However, several zones having independently variable
nroperties may be provided within the self-contained frame. Further, several self-contained frames
of this type may be used in one and the same mattress or bed, to form several variable zones.

The person skilled in the art realizes that the present invention by no means is limited to the
preferred embodiments described above. On the contrary, many modifications and variations are
possible within the scope of the appended claims. For instance, alternative mattress elements are
possible to use in the zones, such as resilient elements formed by foam, rubber, coil springs,
pocketed coil springs, inflatable elements, and the like. Further, the sensors may be realized in
various ways, and the control unit may be set up in various ways. Also, the firmness of the mattress

may be controlled manually.
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CLAIMS:

1. A bed arrangement comprising:

an upper mattress (2); and

a support structure (4) arranged beneath the upper mattress {2), wherein the support
structure comprises at least one flexible elongate element arranged to extend between two holding
elements (43, 44; 44') arranged at opposite sides of at least one variable zone {21) in said bed
arrangement,

wherein the upper mattress (2) is a pocket spring mattress, and in that it further comprises a
retraction device (45; 45'; 45") arranged to control the slack of said at least one flexible elongate
element by controlling the length of the at least one flexible elongate element being provided
between said holding elements (43, 44; 44"), thereby controlling the height and/or firmness of the
bed arrangement in said at least one variable zone, wherein the retraction device (45; 45'; 45") is
arranged to retract the at least one flexible elongate element by at least one of: rolling up the at least
one flexible elongate element around an axle; pulling an end of the at least one flexible elongate

element; and pushing an end of the at least one flexible elongate element.

2. The bed arrangement of claim 1, further comprising a lower mattress (3; 3") being arranged
beneath said upper mattress (2), wherein said holding elements (43, 44) are arranged between the

lower mattress and the upper mattress.

3. The bed arrangement of claim 2, further comprising a frame (3') in which said lower mattress

(3") is arranged, and wherein the holding elements {43, 44') are connected to said frame.

4. The bed arrangement of claim 2 or 3, wherein the lower mattress (3; 3") is softer, at least in a

part underlying said at least one flexible elongate element, than said upper mattress (2).

5. The bed arrangement of any one of claims 1 to 4, wherein one of said holding elements (43)
is a fixed holding element, fixedly holding one end of the at least one flexible elongate element, and
the oppositely arranged holding element (44; 44') is a displacement holding device, enabling holding

of the at least one flexible elongate element in various displaced positions.
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6. The bed arrangement of any one of claims 1 to 5, wherein the retraction device (45'; 45") is

arranged beneath a plane in which the holding elements (43, 44; 44') are positioned.

7. The bed arrangement of any one of claims 1 to 5, wherein the retraction device (45) is

arranged essentially in the plane in which the holding elements (43, 44; 44') are positioned.

8. The bed arrangement of any one of claims 1 to 7, wherein the retraction device (45; 45'; 45")

is operated by means of at least one of an electric motor and an electric pump.

9. The bed arrangement of any one of claims 1 to 8, wherein the at least one flexible elongate

element is formed of a non-elastic material.

10. The bed arrangement of any one of claims 1 to 9, wherein at least two parallel flexible

elongate elements are arranged to extend underneath each of said at least one variable zone (21).

11. The bed arrangement of any one of claims 1 to 10, wherein the at least one variable zone
comprises at least two variable zones (21), and the support structure (4) comprises at least one
flexible elongate element for each of said at least two variable zones, arranged to extend between
two holding elements arranged at opposite sides of said at least two variable zones, and wherein the
retraction device is arranged to control the slack of said at least one flexible elongate element for

each of said at least two variable zones independently.

12. The bed arrangement of any one of claims 1 to 11, further comprising at least one sensor
(51), said at least one sensor being adapted to measure a physical parameter that is proportional to a
weight acting on the mattress by the user, or a lying position used by the user; and a control unit {6)
arranged to determine, based on input from said at least one sensor, the present weight/lying
position of the user, and to control the retraction device to adjust the slack of the at least one

flexible elongate element to preset values corresponding to the determined weight or lying position.
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13. The bed arrangement of any one of claims 1 to 12, wherein the at least one variable zone

(21) extends over essentially the whole width of the upper mattress (2).

14. The bed arrangement of any one of claims 1 to 13, wherein each of the at least one variable

zones (21) is formed of a mattress part that is freely displaceable in relation to other parts of the

mattress.

15. The bed arrangement of any one of claims 1 to 14, wherein the at least one flexible elongate

element extends between adjacent rows of pocketed springs.

16. A method for adaptation of the properties of the bed arrangement in accordance with any

one of claims 1 to 15, comprising the steps:
providing an upper mattress, said mattress being a pocket spring mattress;

providing at least one supporting flexible elongate element underneath said upper mattress;

and
controlling the slack of said at least one flexible elongate element, thereby controlling the
height and/or firmness of the bed arrangement in the at least one variable zone, wherein the slack is

controlled by at least one of: rolling up the at least one flexible elongate element around an axle;

pulling an end of the at least one flexible elongate element; and pushing an end of the at least one

flexible element.
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