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(57) Abstract: A textile electrode device (1), for detection of electrophysiological signals from the skin of a subject, having: a sub-
strate (2) designed to be positioned on the skin; at least a first detection electrode (4) arranged on the substrate (2); and at least a first
conducting element (8), carried by the substrate (2) and electrically connected to the first detection electrode (4). The first detection
electrode (4) has a plurality of textile fibres (5), including conductive fibres and, optionally, fibres of a super-absorbent material, ar -
ranged in a direction substantially orthogonal to an upper surface (2a) of the substrate (2) and reciprocally in contact with each other,
s0 as to ensure uniform electrical contact over the entire first detection electrode. In particular, the first detection electrode (4) is ob -
tained by means of the flocking technique.
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TEXTILE ELECTRODE DEVICE FOR THE ACQUISITION oF
ELECTROPHYSIOLOGICAL SIGNALS FROM THE SKIN AND ASSOCIATED
MANUFACTURING PROCESS

TECHNICAL FIELD

The present invention relates to a textile electrode device
for the acquisition of electrophysiological signals from the
skin and an associated manufacturing process.

BACKGROUND ART

In various fields, in the medical field or in sports for
example, there 1s a known need to detect and acquire
bioelectric (or electrophysiological, or biopotential) signals

on the surface of the skin of a subject to be monitored.

For example, these signals can include surface electromyogram
(EMG) signals, representative of the electrical activity
generated during muscular contraction, electrocardiogram (ECG)
signals, representative of the electrical activity associated
with myocardial contraction during the cardiac c¢ycle, or
electroencephalogram (EEG) signals, representative of the
extracellular current flow generated by the aggregate of

cortical neuron activities.

Although having the considerable advantage of being totally
non-invasive, detection of bioelectric signals on the surface
of the skin has a series of problems, mainly related to the
small amplitude of the signals to be recorded (due to the
filter effect of the tissues interposed between the source of
the electric potentials and the skin surface) and the
difficulty in achieving a stable contact between detection
sensors and the skin (for example, due to the presence of

hairs on the skin).

The detection techniques for surface Dbioelectric signals
contemplate placing on the skin (for example, in the case of

EMG signal detection, on the portion of skin over the muscle
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or muscles of interest) of detection devices comprising one or
more electrodes of an electrically conductive material, for
example sgilver or gold, and the use of conductive gel for
improving electrode-skin contact. The electrodes, arranged in
arrays or matrices for example, are fixed on the skin by an
adhesive or Dbiadhesive material. The detected electrical
signals are then sent to appropriate conditioning electronics

for subsequent amplification and filtering operations.

The ever-increasing demand for technologies to monitor chronic
conditions (in hospital or at home), to offer rehabilitation
support and to provide welfare technologies for the elderly
and disabled has highlighted the 1limits of traditional
systems, in particular with regard to the need for preparing
the skin, skin irritation related to the use of gel and to the

difficulty of using these systems for long-term monitoring.

Electrodes that do not require the use of gel at the
electrode-skin interface enable the above-specified limits to
be overcome. For example, among the solutions for simplifying
and improving the detection of surface Dbioelectric signals,
the use of textile electrode devices has been proposed, i.e.
composed of electrically conductive filaments woven into a

textile, using known sewing or embroidering techniques.

These electrode devices have the advantage of being easy to
position on the surface of the skin when integrated in a
garment. However, the electrical contact between these devices
and the skin 1is often found to be c¢ritical, with high
impedance values on the electrode-skin contact (and therefore
with associated deterioration in the quality of the acquired
signals) and instability of the contact.

DISCLOSURE OF INVENTION

The object of the present invention 1s that of providing a
textile electrode device and an associated manufacturing

process that enable the known acquisition techniques of
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surface bioelectric signals to be perfected and the previously

highlighted problems to be solved, in full or in part.

According to the present invention, a textile electrode device
and a related manufacturing process are thus provided, as
defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, some
preferred embodiments will now be described, purely by way of
a non-limitative example and with reference to the attached
drawings, where:

- Figure 1 shows, in plan view, a textile electrode device
according to one embodiment of the present invention;

- Figure 2 shows a section of the device in Figure 1, taken
along the section line II-II;

- Figure 3 shows an enlarged portion of the section in Figure
2;

- Figure 4 shows, in plan view, a textile electrode device
according to a further embodiment of the present invention;

- Figures 5 and 6 show axonometric views of the device in
Figure 4 in operating conditions; and

- Figure 7 schematically shows an apparatus for manufacturing
a textile electrode device according to a further aspect of
the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

As shown i1in Figures 1-3, a textile electrode device 1,
according to one embodiment of the ©present invention,
comprises a substrate 2, for example a preferably elastic
textile substrate (such as cotton or Lycra for example), and
at least one detection electrode 4, arranged on the substrate
2, for detection of electrophysiological signals (in

particular for detecting biopotentials).

According to one particular aspect of the present invention,
the detection electrode 4 is made wusing the flocking

technique; this technigue enables, in a per-se known manner,
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the deposition of a plurality of small fibres (so-called
flock) on a substrate, these being arranged in a direction

generally orthogonal to the substrate.

The detection electrode 4, as shown 1in Figures 2 and 3 in
particular, therefore comprises a plurality of textile fibres
5, of which a certain number are conductive, such as polyamide
or acrylic fibres coated in metal (silver, gold or otherwise);
the fibres 5 are arranged 1n a direction substantially
orthogonal to the substrate 2 (i.e. along a z-axis orthogonal
to an x-y plane defining an upper surface 2a of the substrate
2).

Thanks to the flocking process, the fibres 5 are arranged in
close contact one with the other and at least partially
interwoven with each other (for example, with a “comb pattern”
configuration), so as to make mutual electrical contact; in
particular, this mutual electrical contact between the wvarious
fibres 5 guarantees substantially uniform electrical
conductivity across the entire surface of the detection

electrode 4.

The fibres 5 have, for example, a length of 0.5-2 mm (along

the above-mentioned z-axis) and a linear density of 1-20 dtex.

An adhesive layer 6, of conductive or non-conductive material,
formed for example by a wash-resistant glue (elastic or rigid
after drying), 1s interposed Dbetween the fibres 5 and the
substrate 2 and, in particular, enables the fastening and
anchoring of the fibres 5 to the substrate 2; in detail, one
end of the fibres 5, close to the substrate 2, 1s buried and

incorporated into the adhesive layer 6.

The textile electrode device 1 also comprises a conducting
wire 8, formed for example by bare metal (copper or steel),

natural or artificial textile vyarn (nylon or cotton) coated
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with a conductive material (copper or silver), or conductive
polymers, mechanically and electrically connected to the

detection electrode 4.

The conducting wire 8 is preferably interwoven in the
substrate 2, for example by sewing, embroidering or weaving
techniques in general, so as to maintain the elasticity of the
substrate 2 if it i1s elastic (for example, by using an elastic
stitch 1if the conducting wire is sewn, or an elastic
conducting wire, obtained for example with a metal wire spun

on an elastic textile vyarn, if inserted in the weft and warp).

The conducting wire 8 extends to an electrical connector 9,
designed to interface with the conditioning electronics 10
(schematically shown in Figure 1), to enable the processing of
the surface Dbioelectric signals detected by the textile
electrode device 1 (when opportunely arranged on a portion of
the skin, with the detection electrode 4 placed in contact

with the skin).

For example, the conducting wire 8 may have a core of
conducting material sheathed with an insulating material. 1In
this case, the insulating material is conveniently removed at
one or more anchorage points of an end of the conducting wire
8 at the detection electrode 4; this end i1s connected to the
detection electrode 4, for example by means of a conductive

glue or sewing.

For example, the electrical connector 9 may be arranged
externally to the substrate 2, flush with, and at an outer
edge of, the same substrate 2, so as to be free to interface
with the conditioning electronics 9 (in a per-se known

manner) .

The Applicant has verified that, after positioning the textile

electrode device 1 on the skin of a subject, it is possible to
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acquire electric biopotentials on the skin with excellent
electrode-skin contact assured by the special arrangement of
the fibres 5 (thanks to the properties of +the flocking
process, especially the one using the electrostatic
technique). Given the large number of fibres 5 mutually in
contact with each other, of which the detection electrode 4 is
formed, and given their arrangement substantially orthogonal
to the skin (in a comb pattern for example), which enables any
hairs to be accommodated in the space between the fibres 5,
the possible presence of hairs on the skin does not cause

problems.

Document FR 2 493 184 Al describes an electrode intended for
use 1n electrostatic applications 1in various application
domains, such as for example air or water filtration and
purification, and generally having the purpose of enabling the
discharge of electrostatic charges. The electrode is formed by
a plurality of fibres, which permit mechanical particle
filtering and <c¢reating a constant electrostatic field and
uniform ionization even over wide surfaces, avoiding the so-
called “point effect” associated with traditional electrodes,

where the charges are concentrated on the perimeter.

Among the wvarious fields of application, this document cites
the so-called "bioélectronique" (bioelectronics); however, it
is known that this term refers to natural medicine systems,
aimed at the discharge and elimination (so-called *“earthing”)
of accumulated electrostatic charges, which clearly have no
connection with the acquisition of electrophysiological

signals on the skin of a subject.

In particular, the above-mentioned document FR 2 493 184 Al
does not provide any teaching regarding the ©possible
application of the electrode on the skin of a subject, and
still less on the use of the electrode itself as a detection

instrument for electrophysiological signals and for their
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subsequent processing by electronic signal-processing devices.

In general, the Applicant has verified for the first time that
the use of a detection electrode made with the flocking
technique within the field of detection of
electrophysiological signals from the skin of a subject,
enables a plurality of specific technical advantages to be
obtained, which are not achievable with, nor immediately
foreseeable when starting from traditional solutions (for
example, by means of Ag or AgCl electrodes, or traditional
textile electrodes); these advantages including:

- increase in the contact surface between electrode and skin,
with the consequent lowering of the electrode-skin impedance
and contact noise;

- optimal adaptation to the irregular surface of the skin;

- overcoming the obstacle represented by the presence of hairs
on the skin; and

- improved comfort for the subject, thanks to the *“velvety”

effect offered by the flocked material.

According to a further aspect of the present invention, a
first plurality of fibres 5 of the detection electrode 4 1is
composed of a conductive textile, while a second plurality of
fibres 5 of the same detection electrode 4 is composed of a
so-called “super—absorbent” material; the wvarious fibres 5 are
mutually arranged in the detection electrode 4 in a manner
substantially similar to what previously discussed, with the
conductive fibres interposed and mixed with fibres of super-

absorbent material.

In the known manner, super—-absorbent materials, such as super-
absorbent polymers for example, are materials of high
hygroscopic capacity, capable of absorbing amounts of liquids

hundreds of times greater than their weight.

Advantageously, the introduction of fibres of super—-absorbent
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material permits keeping the contact with the skin damp and
maintaining optimal electrode-skin contact over time,
avoiding, for example, evaporation of the water used to reduce

electrode-skin impedance.

Figure 4 shows a further embodiment of the textile electrode
device, again indicated by reference numeral 1 and comprising,
in this case, a plurality of detection electrodes 4, made with
the flocking technique as previously described and arranged on
the substrate 2 according to a regular square matrix layout

(with six rows and columns in the example shown).

A  regular and distributed arrangement of the detection
electrodes 4 enables detection of the spatial distribution of
electric potential on the skin and is, for example,
advantageous for realizing acquisition systems for high-

density surface EMG (HD-EMG) signals.

In this case, the detection electrodes 4 (having a circular
shape with a diameter of 1 c¢cm in the example shown) are
arranged at regular distances on the substrate 2 (for example,
with an inter-electrode distance of 2 cm) and a respective
conducting wire 8 1is associated with each one of them for
carrying the detected Dbiocelectric signals. The wvarious
conducting wires 8, which again are advantageously interwoven
in the substrate 2, pass through the substrate 2 to reach a
single electrical connector, again indicated by reference
numeral 9, which houses their ends for electrical connection

with the conditioning electronics 9.

Figures 5 and 6 show, by way of non-limitative example, an
exemplary usage of the textile electrode device 1, 1in this

case applied to a limb 14 for detecting surface EMG signals.

In this case, the substrate 2 1is part of (or carried by) an

elastic sheath 16, having a hollow cylindrical shape; the



WO 2012/140522 PCT/IB2012/001133

detection electrodes 4 are arranged on an inner lateral
surface of the aforementioned elastic sheath 16. In use, the
elastic sheath 16 is placed around the limb 14, over a muscle
to be examined, so that the detection electrodes 4 are
arranged in contact with the skin of the limb 14 (note that
the substrate 2 is arranged parallel to and around the skin
surface). Advantageously, the elastic sheath 16 is placed on
the limb 14 in a firm and stable manner, so as to enable
detection of the bioelectric signals in a continuative manner

over time, with uniform electrical performance.

A flocking apparatus, indicated by reference numeral 20, for
making detection electrodes 4 on the substrate 2, in
particular by means of the electrostatic flocking technique,

will now be described, with particular reference to Figure 7.

In a manner in itself known (this technique is currently used
in the textile field for making surfaces with a surface aspect
similar to suede, cloth or velvet for clothing or furnishing
fabrics), electrostatic flocking wuses an electrical charge
sufficient to orientate the fibres 5 and induce alignment

perpendicular to the substrate 2.

In particular, the adhesive layer 6 must first be placed on
the substrate 2, the former being opportunely shaped and
defined, in particular according to the arrangement that is
required to be assumed by the detection electrodes 4 on the
substrate 2. Advantageously, the adhesive layer 6 1s applied
on the substrate 2 by means of a frame (using a silk-screen
technique), opportunely shaped so as to allow laying only on
the areas that will be subsequently occupied by the detection

electrodes 4.

It should be noted that the selective deposition of the
adhesive layer 6 only on the detection areas enables achieving

considerable precision and reproducibility in the realization
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of the detection electrodes 4 (as described in the following),
guaranteeing improved characteristics with respect to textile
electrodes obtained with traditional weaving techniques (for

example, embroidery or sewing).

The substrate 2, on which an opportunely shaped adhesive layer
6 1s already present, 1s then subjected to a high-intensity
electrostatic field inside the flocking apparatus 20. 1In
particular, this field is generated between two electrodes: an
earth electrode 21 and an electrode grid 22, set at a high
voltage (the presence of apertures 22a may be noted between

the electrodes of the electrode grid 22).

A plurality of fibres 5 (the conductive flock and possibly the
super—absorbent flock) 1s released in the same area inside the
flocking apparatus 20, for example, by allowing the fibres 5
to fall towards the substrate 2 under the effect of gravity
from a hopper, or other container 24, placed above the
electrode grid 22 (the fibres 5 thus reaching the substrate 2
through the apertures 22a in the electrode grid 22).

The electrostatic field charges the wvarious fibres 5, which
thus become aligned with the direction of the electrostatic
field lines (substantially in a direction orthogonal to the
substrate 2) and are attracted towards the earth electrode 21;
in this way, the fibres 5 come into contact with the adhesive
layer 6, remaining incorporated therein and adhering to the
substrate 2 in a stable manner. In particular, the
electrostatic application ensures that the fibres 5 become
arranged substantially orthogonal to the upper surface 2a of
the substrate 2, 1in a dense manner and in mutual contact at

the detection areas.

The flocking apparatus 20 may also comprise a suction duct 25,

for conveniently removing the excess fibres (flock).
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From examination of the characteristics of the device
according to the present invention, the advantages that it

provides are evident.

In particular, the textile electrode device 1 enables the
electrical potential on the skin to be detected without
requiring the use of conductive gel, or the interposition of
other conductive materials, thanks to the excellent electrode-
skin contact assured by the particular arrangement of the
fibres 5 (thanks to the properties of the flocking process);
the possible presence of hairs on the skin does not cause
problems in this case. The presence of super—-absorbent fibres,
inserted between the conductive fibres further improves the

quality of the contact, especially for prolonged acquisitions.

Therefore, 1t is also possible to record biocelectric signals
for long periods, without problems of skin irritation and with

substantially constant electrical performance over time.

The detection electrodes 4 are simple and inexpensive to
manufacture, even on an industrial scale, while 1t 1s also
easy to define their number and arrangement on the substrate
2. In particular, through a single flocking process, it is
possible to define a desired number of detection electrodes 4
on a same substrate 2 (this device therefore being well suited
to the high-definition spatial monitoring of Dbiocelectric

signals).

Finally, it is understood that changes and modifications can
be made to what described and illustrated herein without
departing from the scope of the present invention, as defined

in the appended claims.

In particular, it 1is evident that the size and shape of each
detection electrode 4 (as well as the number of detection

electrodes 4) may be freely chosen, for example, according to
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the characteristics of the bioelectric signal to be acquired
or the portion of skin on which the detection electrode 4 1is
to be arranged (for example, circular, square, rectangular, or
other geometrical shapes may be equally provided for the

detection electrodes 4).

The actual materials constituting the textile electrode device
1 may be different with respect to what previously

illustrated.

The substrate 2 could advantageously be part of, or carried
by, sensor-fitted garments that can be worn by the subject for
whom the measurements are to be taken (in a manner similar to
what shown for the sheath 16 in Figure 5), so that the
detection electrodes 4 are arranged in contact with the skin,

close to the desired detection zone.
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CLAIMS

1. A textile electrode device (1), comprising: a substrate
(2), designed to be positioned on the skin of a subject; at
least a first detection electrode (4) arranged on the
substrate (2) and configured to detect electrophysiological
signals from the skin of the subject; and at least a first
conducting element (8), carried by the substrate (2) and
electrically connected to the first detection electrode (4),

characterized in that the first detection electrode (4)
comprises a first plurality of textile fibres (5), of an
electrically conductive material, arranged in a direction
substantially orthogonal to an upper surface (2a) of the

substrate (2) and reciprocally in contact with each other.

2. The device according to <claim 1, wherein said first

detection electrode (4) is obtained by means of the flocking

technique.
3. The device according to claim 2, wherein the first
detection electrode (4) is obtained by means of the

electrostatic flocking technique.

4., The device according to any of the preceding claims,
wherein said first detection electrode (4) further comprises a
second plurality of textile fibres (5), of a super-absorbent
material, interposed between the textile fibres of conductive

material of the first plurality.

5. The device according to any of the preceding claims,
further comprising an adhesive layer (6) arranged between the
substrate (2) and the first detection electrode (4), to which

the textile fibres (5) are anchored.

6. The device according to any of the preceding claims,

wherein the textile fibres (5) have a length in the range
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between 0.5 mm and 2 mm, and a linear density 1in the range

between 1 dtex and 20 dtex.

7. The device according to any of the preceding claims,
wherein said first detection electrode (4) 1s obtained by
means of the flocking technique, and also comprising further
detection electrodes (4), these also obtained by the flocking
technique and arranged over the substrate (2), and further
conducting elements (8), each one electrically connected to a

respective detection electrode (4).

8. The device according to any of the preceding claims,
wherein the first conducting element (8) is woven through the
substrate (2), and has a first end 1in electrical and
mechanical contact with the first detection electrode (4) and
a second end in contact with an electrical connector element
(9), designed for connection to a conditioning electronics

(10) for the detected electrophysiological signals.

9. The device according to any of the preceding claims,

wherein the substrate (2) comprises an elastic fabric.

10. The device according to claim 9, wherein the substrate (2)
is part of, or 1is carried by, a wearable element that can be
worn by the subject, so that the first detection electrode (4)

is directly in contact with the skin.

11. A sensor-fitted wearable element (16), comprising a
textile electrode device (1) according to any of the preceding
claims, the sensor-fitted wearable element (16) being designed
to be worn by a subject for detection of electrophysiological

signals from the skin.

12. A process for manufacturing a textile electrode device
(1), comprising the steps of:

- providing a substrate (2), designed to be positioned on the
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skin of a subject;

- forming at least a first detection electrode (4) on the
substrate (2), configured to detect electrophysiological
signals from the skin of the subject; and

- forming at least a first conducting element (8), carried by
the substrate (2) and electrically connected to the first
detection electrode (4),

characterized 1in that the step of forming at least a first
detection electrode comprises coupling to the substrate (5) a
first plurality of textile fibres (2), of an electrically
conductive material, arranged 1in a direction substantially
orthogonal to an upper surface (2a) of the substrate (2) and

reciprocally in contact with each other.

13. The process according to claim 12, wherein the step of
forming at least a first detection electrode comprises:

- depositing an adhesive layer (6) on the substrate (2),
shaped so as to define at least one detection area;

- directing a plurality of textile fibres (5) towards the
substrate (2), by means of the flocking technique, so that

they adhere to the adhesive layer (6) at the detection area.

14. The process according to claim 13, wherein the plurality
of textile fibres (5) comprises fibres of an electrically
conductive material, and wherein the step of directing towards
the substrate comprises generating an electrostatic field on
the substrate (2) so as to orient the textile fibres (5H)
towards the substrate (2), in a direction substantially

orthogonal to an upper surface (2a) of the substrate (2).

15. The process according to claim 14, wherein the plurality
of textile fibres (5) also comprises fibres of a super-
absorbent material, interposed between the fibres of

conductive material.

16. The process according to any of claims 13-15, wherein the
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step of forming at least a first detection electrode (4) also
comprises the step of forming further detection electrodes (4)
arranged over the substrate (2), through the steps of:

- shaping the adhesive layer (6) over the substrate (2) so as
to define further detection areas, one for each further
detection electrode (4); and

- directing the plurality of textile fibres (5) towards the
substrate (2), so that they adhere to the adhesive layer (6)
at the detection areas, thereby forming the further detection

electrodes (4).
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