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Description

FIELD OF THE INVENTION

[0001] The invention refers to a sensor arrangement
with at least one sensor and a method for monitoring
physiological parameters of a person, a textile fabric and
a use of a textile fabric.

BACKGROUND OF THE INVENTION

[0002] Bedside monitoring of physiological parame-
ters is standard in hospital settings, for example for pa-
tients with cardiac diseases. It is also known to measure
cardio data or pulmonary data at home. In WO 02/068921
A1, a bed equipped with force sensors and a central mon-
itoring station has been described to monitor basically
presence and activity of patients. Novel solutions to this
task include mechanical and electrical and electromag-
netic sensing of vital parameters using bed-integrated
sensors. It is a drawback that these methods are prone
to delivering false signals caused by electromagnetic in-
terference (EMI) from the environment. This is especially
true for inductive and capacitive measurements.
[0003] In EP 1661512 A1, a textile fabric comprising
electrodes is disclosed. In DE 3207014 A1, a textile fabric
comprising conductive fibers is disclosed.
[0004] In WO 2006/131855 a patient monitoring sys-
tem comprising electrodes woven into a bedsheet or the
like is disclosed.

SUMMARY OF THE INVENTION

[0005] It is therefore an objective of the invention to
provide a sensor arrangement and method for monitoring
physiological parameters which is less susceptible to
electromagnetic radiation.
[0006] The above objective is achieved by a sensor
arrangement comprising at least one sensor for monitor-
ing physiological parameters of a person and at least one
textile fabric, the textile fabric comprising a conductive
shielding for suppressing electromagnetic interference
with the sensor.
[0007] It is an advantage of the sensor arrangement
according to the invention that it allows to integrate an
effective shielding into a bed, which reduces noise
caused by electromagnetic interference, particularly dur-
ing measurements using capacitive or inductive sensors
or any other method sensitive to electromagnetic inter-
ference.
[0008] According to a preferred embodiment of the in-
vention, the conductive shielding is connected to a po-
tential equalization. The potential equalization may, in
the sense of the embodiment, be an electric potential at
which the conductive shielding is actively driven or a
grounding. It is an advantage of the sensor arrangement
according to this embodiment that static charges or dy-
namic charges which would disturb capacitive or induc-

tive measurements, may be discharged via the textile
fabric. The conductive shielding need not be a closed
area, but is preferably composed of a net of conductive
elements.
[0009] The textile fabric comprising the conductive
shielding preferably does not otherwise interfere with dai-
ly routines of the person or, for example, hospital per-
sonnel. More preferably, it is not obviously visible and/or
does not harm the design of a bed or bedroom. Most
preferably, the textile fabric, which may be woven or non-
woven, is conjoint with a suitable textile, i.e. a textile used
in conjunction with a bed.
[0010] In a preferred embodiment, the textile fabric is
at least part of a wearable garment, in particular of night-
wear, like nightgown, pajama etc. According to another
preferred embodiment, the textile fabric is integrated in
a bed. More preferably, the textile fabric is part of a piece
of bedclothes, for example a bed sheet, a pillow case or
bed cover. Furthermore preferred, the textile fabric is part
of a mattress, which is advantageously stationary, i.e.
the mattress cannot be dislocated by the (sleeping) per-
son.
[0011] In a further preferred embodiment of the inven-
tion, the sensor is integrated in the textile fabric. Advan-
tageously, a plurality of functional elements may be in-
tegrated in the textile fabric. More preferably, the textile
fabric comprises a layer structure of at least a shielding
layer which comprises the conductive shielding, a sens-
ing layer which comprises the sensor and an insulating
layer, which is arranged between the shielding layer and
the sensing layer. The relative proximity of the sensors
to the shielding layer advantageously provides for effec-
tive shielding of the sensors.
[0012] According to still a further preferred embodi-
ment of the invention, the sensor arrangement further
comprises a contact for connecting the person to a po-
tential equalization. Thus advantageously, the body of
the person themselves is used as an additional shielding.
Further the build up of electrostatic charge due to move-
ments of the person is reduced. The contact is preferably
a textile electrode which is, more preferably, arranged in
a wearable garment, a bed sheet, a bed cover and/or a
pillow.
[0013] According to still a further preferred embodi-
ment of the invention, the sensor arrangement comprises
two or more textile fabrics, each textile fabric comprising
a part of the conductive shielding, wherein the parts of
the conductive shielding are electrically connected. It is
an advantage of this embodiment that the sensors may
be shielded from more than one direction, the conductive
shielding preferably surrounding the sensors, thus ad-
vantageously forming a kind of Faraday cage.
[0014] Preferably, one textile fabric is arranged in a
bed cover and the other textile fabric is arranged in a bed
sheet or mattress, thus advantageously shielding the
sensors from electromagnetic radiation from top and bot-
tom.
[0015] Another object of the present invention is a
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method of monitoring physiological parameters of a per-
son, using at least one wearable or bed-integrated sen-
sor, wherein the sensor is shielded from electromagnetic
interference using a textile fabric comprising a conductive
shielding. It is an advantage of the method according to
the invention that the textile fabric comprising the con-
ductive shielding does not otherwise interfere with daily
routines of the person or, for example, the hospital per-
sonnel.
[0016] Another object of the present invention is a tex-
tile fabric with a layer structure comprising at least a sens-
ing layer with at least one sensor, a shielding layer com-
prising a conductive shielding for suppressing electro-
magnetic interference with the sensor.
[0017] It is an advantage of the textile fabric according
to the present invention that a plurality of functional ele-
ments is integrated therein. The relative proximity of the
sensors to the shielding layer advantageously provides
for effective shielding of the sensors. The textile fabric
preferably further comprises an insulating layer, the in-
sulating layer being arranged between the shielding layer
and the sensing layer.
[0018] Another object of the present invention is a use
of a textile fabric comprising a conductive shielding for
suppressing electromagnetic interference with a bed-in-
tegrated or wearable sensor. The use of the textile fabric
in connection with bed-integrated or wearable sensors
advantageously provides electromagnetic shielding
without an undue interference with the daily routines of
a person the sensors are allocated to, or, for example,
of the hospital personnel.
[0019] These and other characteristics, features and
advantages of the present invention will become appar-
ent from the following detailed description, taken in con-
junction with the accompanying drawings, which illus-
trate, by way of example, the principles of the invention.
The description is given for the sake of example only,
without limiting the scope of the invention. The reference
Figs. quoted below refer to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWING

[0020]

Figs. 1a and 1b illustrate schematically an example
of bed-integrated sensors.
Figs. 2a and 2b illustrate schematically examples
body-wearable sensors.
Figs. 3a and 3b illustrate schematically an embodi-
ment of the sensor arrangement and the textile fabric
according to the invention.
Figs. 4a and 4b illustrate schematically another em-
bodiment of the sensor arrangement according to
the invention with the textile fabric according to the
invention.
Fig. 5 illustrates an example of an unshielded capac-
itance sensor measurement versus a shielded ca-
pacitance sensor measurement in a diagram.

Figs. 6 through 14 show measurements of a capac-
itance sensor shielded by different examples of tex-
tile fabrics according to the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes.
[0022] Where an indefinite or definite article is used
when referring to a singular noun, e.g. "a", "an", "the",
this includes a plural of that noun unless something else
is specifically stated.
[0023] Furthermore, the terms first, second, third and
the like in the description and in the claims are used for
distinguishing between similar elements and not neces-
sarily for describing a sequential or chronological order.
It is to be understood that the terms so used are inter-
changeable under appropriate circumstances and that
the embodiments of the invention described herein are
capable of operation in other sequences than described
or illustrated herein.
[0024] Moreover, the terms top, bottom, over, under
and the like in the description and the claims are used
for descriptive purposes and not necessarily for describ-
ing relative positions. It is to be understood that the terms
so used are interchangeable under appropriate circum-
stances and that the embodiments of the invention de-
scribed herein are capable of operation in other orienta-
tions than described or illustrated herein.
[0025] It is to be noticed that the term "comprising",
used in the present description and claims, should not
be interpreted as being restricted to the means listed
thereafter; it does not exclude other elements or steps.
Thus, the scope of the expression "a device comprising
means A and B" should not be limited to devices consist-
ing only of components A and B. It means that with re-
spect to the present invention, the only relevant compo-
nents of the device are A and B.
[0026] In Figs. 1a, 1b, 2a and 2b illustrate schemati-
cally examples of bed-integrated sensors and body-
wearable sensors. Sensors 10, like for example, capac-
itive or inductive or direct contact electrodes are shown
which are integrated in bed clothing (Figs. 1a and 1b)
and in garment (Figs. 2a and 2b). The sensors 10 may
for example be integrated into a bed sheet 1 as depicted
in Fig. 1a. Fig. 1b shows a schematic cross-section of
the bed sheet 1 where leads 11 are visible which connect
the sensors 10 to any suitable kind of analyzing electron-
ics which is not depicted. Fig. 2a shows a shirt 2 with
integrated sensors 10. Fig. 2b depicts trousers 3 fitted
with sensors 10. Depending on the geometry of the sen-
sors 10 different shielding options apply.
[0027] In Figs. 3a and 3b, one possible approach is
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schematically depicted, wherein a conductive shielding
20 is integrated as a layer in a bed below a person (both
not depicted) whose physiological parameters are meas-
ured by the sensors 10 in the bed sheet 1. The conductive
shielding 20 can be, for example, a metal plate, a net of
metal stripes or conductive yarns. The conductive shield-
ing 20 may be provided as a single device, comprised in
a textile fabric, which are placed in the bed or integrated
in the mattress (not depicted) or in the bed sheet. Ac-
cording to another embodiment, the bed sheet 1 com-
prises a layer structure, including a conductive shielding
layer 20, one or more insulating layers 30 and a sensing
layer with the sensors 30. The conductive shielding 20
is preferably connected to a potential equalization 12,
here a grounding 12. The conductive shielding 20 need
not necessarily be a closed area but can also be arranged
as a net of conductive elements, e.g. yarns. The conduc-
tive yarns may be arranged as grids or meander-like but
can also make up for the complete surface.
[0028] The depicted sensor arrangement according to
the invention offers a good shielding against electromag-
netic interference from the bottom area. In order to have
the same on top of the person, a similar layer structure
may be integrated in a bed cover 4, as depicted in Figs.
4a and 4b.
[0029] In Fig. 4a, a top view of the bed cover 4 covering
the sensors 10 and partly the bed sheet 1 is depicted.
Again, the person in the bed and the bed itself are not
depicted. As is best seen in Fig. 4b, a part 21 of the
conductive shielding 20 is integrated in the bed cover 4
and comprises an electrical connection 13 to the conduc-
tive shielding layer 20 in the bed sheet 1, the conductive
shielding layer 20 again being connected to a potential
equalization 12, here an electric potential P. The shield-
ing layer 20 is thus actively driven at the electric potential.
This way as well, charge build up on the person can be
prevented, thus further preventing loss of sensitivity of
the sensors 10 and preventing saturation of the measur-
ing electronics. By the galvanic contact between the bed
sheet 1 and the bed cover 4, the person and the sensors
10 are completely surrounded by a potential to take away
any charge built up from movement during occupancy of
the bed.
[0030] In another approach the body of the person
themselves can be taken as a shielding. Here, it has to
be warranted that the person is connected to a well-de-
fined potential. This can be achieved by connecting the
person either by textile electrodes in his nightwear or by
using parts of the bed sheet or a pillow as a textile contact.
In this case again, conductive textile fabrics can be used.
[0031] Referring now to Figs. 5 through 14, measure-
ment results are shown that give an indication of the effect
of the textile fabric structure for shielding purposes. To
show the effect of the textile fabric structure on the shield-
ing capacity, nine different textile fabrics with conductive
shielding were used to shield a capacitive sensor, used
to measure electrocardiograms (ECGs) and electromy-
ograms (EMGs) and electroencephalograms (EEGs)

without galvanic contact to the skin. When placing such
a sensor with the sensing electrode facing upwards, sim-
ilarly to the sensor 10 integrated into the mattress or bed
sheet 1 (Figs. 1a, 1b), the sensor 10 detects signals
present in the air. The shielding capability of a fabric can
be observed by looking at the frequency spectrum of the
signals detected by the sensor 10. Thus, in Figs. 5
through 14, a sensor signal power in dBm (power meas-
urement relative to 1 milliwatt) is given on the ordinate
axes over a frequency in Hertz on the axes of abscissae.
In Figs. 6 through 12, two measurements are depicted
per diagram. Generally, the dotted curve refers to a
measurement with two coating layers of a textile fabric,
whereas the full line refers to a measurement with a single
layer of textile fabric.

Examples

[0032] Nine different textile fabrics, referred to in here
as fabric 1 through fabric 9, have been used to shield the
capacitive sensor. The fabrics can be divided into two
categories:

Fabrics with metal based coatings.
Fabrics with polymer based coatings.

[0033] The fabrics coated with metal have a lower re-
sistivity per square than the polymer coated fabrics. To
prevent charge build up, it is beneficial to use a fabric
with a low resistivity per square. Thus, the shield will have
particularly the same potential all over, and therefore
charge build up is prevented.
[0034] The frequency spectra of the different fabrics
used for shielding are shown in Figs. 6 through 14.
[0035] The spectrum in Fig. 5 shows the limits that can
be obtained, by using the sensor without any shielding
(dotted line), and when the shielding is realized by a
closed metal box of 2,5 millimeter thick walls.
[0036] In Figs. 13 and 14, the measurements of fabric
8 and fabric 9, both polymer coated fabrics, are shown.
It can be concluded that the gaps in the fabric are relevant
for its shielding capabilities. Fabric 8 is a mesh type fabric
with holes in it, approximately 1.6mm x 1.8mm wide. Fab-
ric 9 on the other hand is a tightly woven fabric with con-
siderably smaller gaps. Fabric 8 is not well suited to shield
the sensor from 50Hz, 150Hz, 250Hz, 350Hz and 450 Hz.
[0037] Referring to Fig. 9, the measurement of fabric
4 shows a comparable result. Fabric 4 is a fabric that has
been knitted and is coated with a metal (silver). Fabric 4
also comprises a comparably open structure. From the
measurements of fabric 4, it can be concluded that the
size of the gaps in the fabric are relevant for the shielding
capabilities. When a single layer of fabric 4 is used to
shield the sensor (full line), the frequencies 50Hz and
350Hz are smaller than with an unshielded sensor (Fig.
5), but when using two layers of fabric 4, the influence of
these frequency components on the sensor output is re-
duced further (dotted line). Using two layers, the gaps in
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the fabric are effectively reduced.
[0038] Referring now to Fig. 12, another fabric that has
an open structure and that is coated with a metal (nickel
over silver) is fabric 7. From the measurement of fabric
7 it can also be concluded that having two layers (full
line) shields the sensor better than one layer (dotted line),
and thus that a smaller gap size is better. Comparing the
measurements of fabric 4 and fabric 7 it can be observed
that two layers of fabric 7 shield the sensor better than
two layers of fabric 4. With the naked eye, the gaps in
fabric 4 and fabric 7 are equal in size. What is clearly
visible is that fabric 7 (thickness 18 mils) is thicker than
fabric 4 (8 +/- 1 mils).
[0039] Fabrics 1, 2, 3, 5, 6 and 9 are fabrics that do
not have a clearly visible open structure like fabrics 4, 7
and 8. From the set of fabrics with a not clearly visible
open structure, fabrics 2 and 6 are very similar in struc-
ture. Both are Nylon rip stop fabrics coated with a metal.
Fabric 6 is coated with silver, and fabric 2 is coated with
nickel over silver.
[0040] The measurements from fabric 2 and 6, depict-
ed in Figs. 7 and 11, clearly show different shielding be-
havior. Fabric 6 (Fig. 11) is not as good as fabric 2 (Fig.
7) in shielding the sensor from frequencies like 25Hz,
50Hz, 225Hz and 250Hz. Apart from this, the sensor out-
put has a higher noise level in the frequency band from
DC to about 250Hz, which is relevant for measuring
ECGs. Since the fabrics have the same structure but are
different with respect to the surface resistivity, it is as-
sumed that the shielding is also dependent on the surface
resistivity. The surface resistivity of fabric 6 is less than
0,25 Ohm per square, and fabric 2 has a surface resis-
tivity of less than 0,1 Ohm per square.
[0041] Referring now to Figs. 8 and 10, fabric 3 and
fabric 5 are both fabrics based on nylon threads, coated
with silver. Both are also non-woven fabrics. Fabric 3
(Fig. 8) is a knitted fabric, and fabric 5 (Fig. 10) is a looped
fabric. Even though the fabrics 3 and 5 appear to be thick,
the measurements show that the shielding provided by
fabrics 3 and 5 are not very good. Both these fabrics do
not shield the sensor very well in the frequency range
below 250Hz. The noise level in this region is higher than
with the other visible non-open structured fabrics tested.
[0042] The last fabric measured is fabric 1, the meas-
urement depicted in Fig. 6. Fabric 1 is a so-called point-
bonded fabric based on a nylon thread, coated with nickel
over silver. Using only one layer of fabric 1 will not com-
pletely shield the sensor from the 250Hz frequency (full
line). Using two layers provides increased shielding for
the 250Hz (dotted line). Note that for an ECG measure-
ment only frequencies up to 150Hz are needed. For EMG
the frequencies up to 500Hz are relevant.

Claims

1. Sensor arrangement comprising a bed cover and a
bed sheet or mattress and two textile fabrics, each

textile fabric having a layer structure comprising a
shielding layer comprising a part of conductive
shielding (20) for suppressing electromagnetic inter-
ference with a sensor, wherein the parts of the con-
ductive shielding are electrically connected and ac-
tively driven at an electric potential, wherein one tex-
tile fabric is arranged in said bed cover (4) and the
other textile fabric is arranged in said bed sheet (1)
or mattress, and wherein at least one of the textile
fabrics further comprises a sensing layer with at least
one sensor (10) for monitoring physiological param-
eters of a person.

2. Sensor arrangement according to claim 1, wherein
the textile fabric arranged in a bed sheet (1) com-
prises the sensing layer with the at least one sensor.

3. Sensor arrangement according to claim 1, wherein
each textile fabric comprises a sensing layer with at
least one sensor.

4. Sensor arrangement according to claim 1, wherein
the or each textile fabric comprising the sensing layer
further comprises an insulating layer (30) arranged
between the shielding layer and the sensing layer.

5. Sensor arrangement according to claim 1, wherein
at least one textile fabric further comprises a contact
for connecting to a user of the two textile fabricsto
the electric potential .

6. Sensor arrangement according to claim 5, wherein
the contact is a textile electrode.

7. Method of monitoring physiological parameters of a
person, using at least one sensor (10), the method
comprising shielding the sensor from electromagnet-
ic interference using at least two textile fabrics, each
textile fabric comprising a part of conductive shield-
ing (20), wherein the parts of the conductive shield-
ing are electrically connected and actively driven at
an electric potential, wherein one textile fabric is ar-
ranged in a bed cover (4) and the other textile fabric
is arranged in a bed sheet (1) or mattress, and where-
in at least one of the textile fabrics further comprises
a sensing layer with the at least one sensor (10).

Patentansprüche

1. Sensoranordnung mit einer Bettdecke und einem
Bettlaken oder einer Matratze und zwei Textilgewe-
ben, wobei jedes Textilgewebe eine Schichtstruktur
hat, welche eine abschirmende Schicht mit einem
Teil aus leitender Abschirmung (20) zum Unterdrük-
ken der elektromagnetischen Störbeeinflussung ei-
nes Sensors umfasst, wobei die Teile der leitenden
Abschirmung elektrisch verbunden sind und auf ei-
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nem elektrischen Potenzial aktiv angesteuert wer-
den, wobei ein Textilgewebe in der genannten Bett-
decke (4) angeordnet ist und das andere Textilge-
webe in dem genannten Bettlaken (1) oder der Ma-
tratze angeordnet ist, und wobei mindestens eines
der Textilgewebe weiterhin eine erfassende Schicht
mit mindestens einem Sensor (10) zur Überwachung
physiologischer Parameter einer Person umfasst.

2. Sensoranordnung nach Anspruch 1, wobei das in
einem Bettlaken (1) angeordnete Textilgewebe die
erfassende Schicht mit dem mindestens einen Sen-
sor umfasst.

3. Sensoranordnung nach Anspruch 1, wobei jedes
Textilgewebe eine erfassende Schicht mit minde-
stens einem Sensor umfasst.

4. Sensoranordnung nach Anspruch 1, wobei das oder
jedes die erfassende Schicht umfassende Textilge-
webe weiterhin eine isolierende Schicht (30) um-
fasst, die zwischen der abschirmenden Schicht und
der erfassenden Schicht angeordnet ist.

5. Sensoranordnung nach Anspruch 1, wobei minde-
stens ein Textilgewebe weiterhin einen Kontakt zum
Verbinden eines Benutzers der zwei Textilgewebe
mit dem elektrischen Potenzial umfasst.

6. Sensoranordnung nach Anspruch 5, wobei der Kon-
takt eine Textilelektrode ist.

7. Verfahren zum Überwachen von physiologischen
Parametern einer Person unter Verwendung von
mindestens einem Sensor (10), wobei das Verfahren
das Abschirmen des Sensors gegen elektromagne-
tische Störbeeinflussung mit Hilfe von mindestens
zwei Textilgeweben umfasst, wobei jedes Textilge-
webe einen Teil aus leitender Abschirmung (20) um-
fasst, wobei die Teile der leitenden Abschirmung
elektrisch verbunden sind und auf einem elektri-
schen Potenzial aktiv angesteuert werden, wobei ein
Textilgewebe in dem einer Bettdecke (4) angeordnet
ist und das andere Textilgewebe in dem genannten
Bettlaken (1) oder der Matratze angeordnet ist, und
wobei mindestens eines der Textilgewebe weiterhin
eines erfassende Schicht mit dem mindestens einen
Sensor (10) umfasst.

Revendications

1. Dispositif capteur comprenant un jeté de lit et un drap
de lit ou un matelas et deux tissus textiles, chaque
tissu textile ayant une structure de couche compre-
nant une couche de protection comportant une partie
de protection conductrice (20) pour supprimer toute
interférence électromagnétique avec un capteur,

dans lequel les parties de la protection conductrice
sont liées électriquement et entraînées activement
à un potentiel électrique, dans lequel un tissu textile
est disposé dans ledit jeté de lit (4) et l’autre tissu
textile est disposé dans ledit drap de lit (1) ou dans
le matelas, et dans lequel au moins l’un des tissus
textiles comprend en outre une couche de détection
avec au moins un capteur (10) pour surveiller des
paramètres physiologiques d’une personne.

2. Dispositif capteur selon la revendication 1, dans le-
quel le tissu textile disposé dans un drap de lit (1)
comprend la couche de détection avec l’au moins
un capteur.

3. Dispositif capteur selon la revendication 1, dans le-
quel chaque tissu textile comprend une couche de
détection avec au moins un capteur.

4. Dispositif capteur selon la revendication 1, dans le-
quel le tissu textile ou chaque tissu textile compre-
nant la couche de détection comporte en outre une
couche d’isolation (30) disposée entre la couche de
protection et la couche de détection.

5. Dispositif capteur selon la revendication 1, dans le-
quel au moins un tissu textile comprend en outre un
contact pour se relier à un utilisateur des deux tissus
textiles au potentiel électrique.

6. Dispositif capteur selon la revendication 5, dans le-
quel le contact est une électrode textile.

7. Procédé de surveillance de paramètres physiologi-
ques d’une personne, en utilisant au moins un cap-
teur (10), le procédé comprenant la protection du
capteur contre toute interférence électromagnétique
en utilisant au moins deux tissus textiles, chaque
tissu textile comprenant une partie de protection con-
ductrice (20), dans lequel les parties de la protection
conductrice sont liées électriquement et entraînées
activement à un potentiel électrique, dans lequel un
tissu textile est disposé dans un jeté de lit (4) et l’autre
tissu textile est disposé dans un drap de lit (1) ou
dans le matelas, et dans lequel au moins l’un des
tissus textiles comprend en outre une couche de dé-
tection avec l’au moins un capteur (10).
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