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jacent a second portion of a subject’s body; and a first

conductive interconnect connecting to the at least one
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Description
TECHNOLOGICAL FIELD

[0001] Embodiments of the present invention relate to
an apparatus comprising a fabric substrate and multiple
sensing electrodes.

BACKGROUND

[0002] A sensing electrode may be placed adjacent a
portion of a subject’s body to sense a bio signal from the
subject’s body. This may, for example, be useful in im-
pedance tomography, sensing of electrocardiograms
(ECG) or in other measurements of electrical signals
and/or impedance.

[0003] In some circumstances, the anxiety induced by
taking measurements in a clinical situation can change
measurements.

[0004] Also it may be uncomfortable or inconvenient
for a subject when measurements need to be taken over
an extended period of time.

[0005] Itwould therefore be desirable to be able to take
measurements using an electrode outside of a clinical
environment and/or over an extended period of time in a
manner that is comfortable to the subject.

BRIEF SUMMARY

[0006] According to various, but not necessarily all,
embodiments of the invention there is provided an appa-
ratus comprising: a fabric substrate; at least one sensing
electrode at an interior surface of the fabric substrate for
placement adjacent a first portion of a subject’s body; at
least one reference electrode at the interior surface of
the fabric substrate for placement adjacent a second por-
tion of a subject’s body; and a first conductive intercon-
nect connecting to the at least one reference electrode
wherein the first conductive interconnect is arranged and
positioned on a portion of the fabric substrate other than
the interior surface of the fabric substrate to provide part
of a shield to the at least one sensing electrode.

[0007] In some, but not necessarily all examples, the
first conductive interconnect is a fabric conductive-inter-
connect at a first surface of the fabric substrate that is
not an interior surface of the fabric substrate.

[0008] In some, but not necessarily all examples, the
at least one sensing electrode is a fabric electrode at a
second surface, the interior surface, of the fabric sub-
strate and/or

the at least one reference electrode is a fabric electrode
at a second surface, the interior surface, of the fabric
substrate.

[0009] In some, but not necessarily all examples, the
apparatus comprises at least one second conductive in-
terconnect connecting to the at least one sensing elec-
trode, wherein each at least one second conductive in-
terconnect is a fabric conductive-interconnect.
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[0010] In some, but not necessarily all examples, the
apparatus comprises flexible circuitry operatively inter-
connected to the at least one sensing electrode and the
at least one reference electrode for producing a sensing
signal.

[0011] In some, but not necessarily all examples, the
apparatus is configured as a chest strap configured to
position the at least one sensing electrode in contact with
a front or side portion of a subject’s thorax and to position
the at least one reference electrode in contact with a rear
portion of a subject’s thorax. In some, but not necessarily
all examples, the chest strap is configured to maximize
adistance of separation between the atleast one sensing
electrode and the at least one reference electrode.
[0012] In some, but not necessarily all examples, the
apparatus comprises: a first sensing electrode at a posi-
tion on aninterior surface of the fabric substrate for place-
ment adjacent a portion of a subject’s body; a second
sensing electrode at a different position on the interior
surface of the fabric substrate for placement adjacent a
different portion of a subject’s body; circuitry configured
to provide acommon mode voltage at the reference elec-
trode.

[0013] In some, but not necessarily all examples, the
apparatus comprises: a first sensing electrode at a posi-
tion on aninterior surface of the fabric substrate for place-
ment adjacent a portion of a subject’s body; a second
sensing electrode at a different position on the interior
surface of the fabric substrate for placement adjacent a
different portion of a subject’s body; ECG circuitry con-
figured to provide an ECG signal from the first sensing
electrode and the second sensing electrode; input cir-
cuitry configured to apply a time-varying input signal at
thefirst sensing electrode; and output circuitry configured
to detect a time-varying output signal at the second sens-
ing electrode.

[0014] In some, but not necessarily all examples, the
apparatus is configured to tension the fabric substrate in
use, the fabric substrate comprising at least a fabric con-
ductive-interconnect configured to resiliently change im-
pedance with a change in tension during use. In some,
but not necessarily all examples, an electric path be-
tween input circuitry and output circuitry comprises the
at least one fabric conductive-interconnect configured to
resiliently change impedance with a change in tension
during use. In some, but not necessarily all examples,
the fabric conductive-interconnect comprises a resiliently
extendible filament stitched into the fabric substrate. In
some, but not necessarily all examples, the fabric con-
ductive-interconnect comprises a resiliently extendible
filament stitched into the fabric substrate so that it ex-
tends along a surface of the fabric substrate in a series
of alternating curves.

[0015] In some, but not necessarily all examples, the
apparatus is clothing, wherein the fabric substrate is part
of the clothing.

[0016] According to various, but not necessarily all,
embodiments of the invention there is provided a method
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comprising: providing a fabric substrate; providing at
least one sensing electrode at an interior surface of the
fabric substrate for placement adjacent a first portion of
a subject’s body; providing at least one reference elec-
trode at the interior surface of the fabric substrate for
placement adjacent a second portion of a subject’s body;
and providing a first conductive interconnect connecting
to the at least one reference electrode wherein the first
conductive interconnect is arranged and positioned on a
portion of the fabric substrate other than the interior sur-
face of the fabric substrate to provide part of a shield to
the at least one sensing electrode. According to various,
but not necessarily all, embodiments of the invention
there is provided examples as claimed in the appended
claims.

BRIEF DESCRIPTION

[0017] Forabetter understanding of various examples
that are useful for understanding the detailed description,
reference will now be made by way of example only to
the accompanying drawings in which:

Fig. 1 illustrates an example of an apparatus com-
prising a fabric substrate and electrodes;

Figs 2A, 2B, 2C illustrates examples of fabric sub-
strates;

Fig. 3 illustrates an example of an apparatus com-
prising a fabric substrate with fabric electrodes and
fabric interconnects;

Fig. 4A illustrates a plan view of an example of the
interior surface of the fabric substrate illustrated in
Fig 3 and Fig. 4C illustrates a plan view of the exterior
surface of the fabric substrate illustrated in Fig 3;
Fig 5illustrates an example of a reference electrode;
Fig. 6 illustrates an example of the apparatus com-
prising circuitry;

Fig. 7 illustrates an example of the apparatus com-
prising electrocardiograph (ECG) circuitry, and sig-
nal-source circuitry and signal receive circuitry;
Fig. 8A illustrates a perspective view of the appara-
tus configured as a strap and Fig. 8B illustrates a
view of the apparatus configured as a strap from a
plan view;

Fig. 9 illustrates an example of a suitable fabric con-
ductive interconnect configured to cause a change
in impedance with a change in tension during use;
and

Fig 10 illustrates an example of a method.

DETAILED DESCRIPTION

[0018] Fig. 1 illustrates an example of an apparatus
100 comprising: a fabric substrate 110; atleast one sens-
ing electrode 120 at an interior surface 102 of the fabric
substrate 110 for placement adjacent a first portion 202
of a subject’s body 200; at least one reference electrode
130 at the interior surface 102 of the fabric substrate 110
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for placement adjacent a second portion 204 of the sub-
ject’s body 200; and a first conductive interconnect 130
connecting to the at least one reference electrode 130,
wherein the first conductive interconnect 130 is arranged
and positioned on a portion of the fabric substrate 110
other than the interior surface 102 of the fabric substrate
110 to provide at least part of a shield 140 to the at least
one sensing electrode 120.

[0019] The apparatus 100 has the advantage that it is
comfortable and flexible in the long term because it com-
prises a fabric substrate 110.

[0020] The sensing electrode is placed adjacent a por-
tion of a subject’s body in use to sense a bio signal from
the subject’s body. This may, for example, be useful in
impedance tomography, sensing of electrocardiograms
(ECG), arterial pulse sensing or in other measurements
of electrical signals and/or impedance.

[0021] Examples of fabric substrates 110 are illustrat-
ed in Figs. 2A, 2B and 2C. In each of the examples a
fabric substrate 110 comprises filaments 112. Fig. 2A
illustrates a fabric substrate 110 that is knitted. Fig. 2B
illustrates an example of a fabric substrate 110 that is
woven. Fig. 2Cillustrates an example of a fabric substrate
110 with a stitched filament 112. In these examples, a
single layer of fabric is illustrated. The fabric substrate
110 may be a single layer substrate or a multi-layer sub-
strate.

[0022] The term ‘filament’ is used in this document to
describe a material that can be used to create fabric (syn-
onymous with textile, cloth). Itis elongate and has a small
thickness and/or cross-sectional area (e.g. less than 4
mm?2). It may be made of any suitable flexible material
and manufactured in any suitable way. It may also be
described as a thread or yarn. A filament 112 may be a
single filament or a composite of intertwined filaments.
[0023] A filament 112 extends in a longitudinal direc-
tion (a longitudinal filament) and contacts adjacent fila-
ments 112 at distances along the longitudinal direction
to create a fabric

[0024] In a knitted fabric (Fig 2A), the longitudinal fila-
ment 112 extends in the longitudinal direction in a series
of transverse loops (a row). The longitudinal filament 112
contacts the adjacent parallel longitudinal filaments 112
(adjacentrows) viathe loops which are at distances along
the longitudinal direction. The adjacent rows are inter-
looped by having each loop of one row passing through
one adjacent loop in one of the adjacent rows.

[0025] In a woven fabric (Fig 2B), the longitudinal fila-
ment 112 extends in the longitudinal direction without
loops (a row). The longitudinal filament 112 contacts fil-
aments 112 extending in the transverse direction (trans-
verse filaments), perpendicular to the longitudinal direc-
tion. The transvers filaments 112 are spaced at distances
along the longitudinal direction, and they alternately over-
lie and underlie the longitudinal filaments 112. This cre-
ates an interlaced structure of perpendicular warp and
weft filaments 112.

[0026] Inafelted fabric (notillustrated), the longitudinal
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filament 112 is pressed together with other filaments.
[0027] Filaments 112 may thus be used to form the
fabric substrate 110. Filaments 112 may also be added
to augment the fabric substrate 110 by being stitched
(e.g. inter-looped or inter-weaved or embroidered) into a
fabric substrate 110 (Fig 2C). Where the fabric substrate
110 is multi-layered each fabric layer may be separately
augmented with one or more filaments by stitching. It is
thus possible to create three-dimensional, multi-layer
textile substrates 110.

[0028] In a conductive fabric, one of more of the fila-
ments 110 are electrically conductive for all or part of
their length. Other filaments 110 may provide electrical
insulation/isolation for the conductive filament.

[0029] A fabric conductive-interconnect 114 is that por-
tion of a filament 112 that is electrically conductive and
provides an electric current path. The filament 112 may
be electrically conductive for all or part of its length. Other
non-conductive filaments/portions may provide electrical
insulation/isolation for the fabric conductive-intercon-
nect. The fabric conductive-interconnect 114 may be part
of the fabric substrate 110, for example a longitudinal
filament, that is looped in a knitted fabric (Fig 2A) or a
warp or weft in woven fabric (Fig 2B) or an addition to
the fabric substrate 110, for example, by stitching (Fig
2C).

[0030] A fabric electrode 116 is a conductive portion
of fabric formed from multiple fabric conductive-intercon-
nects 114.

[0031] Fig. 3 illustrates an example of the apparatus
100 similar to the apparatus 100 illustrated in Fig. 1, and
similar references are used for similar features.

[0032] The apparatus 100 comprises: a fabric sub-
strate 110 comprising filaments 112; atleast one sensing
electrode 120 at an interior surface 102 of the fabric sub-
strate 110 for placement adjacent a first portion 202 of
the subject’s body 200; at least one reference electrode
130 at the interior surface 102 of the fabric substrate 110
for placement adjacent a second portion 204 of the sub-
ject’s body 200 and a first conductive interconnect 130
connecting to the at least one reference electrode 130.
[0033] The first conductive interconnect 130 is ar-
ranged and positioned on a portion of the fabric substrate
110 other than the interior surface 102 of the fabric sub-
strate 110 to provide at least part of a shield 140 to the
at least one sensing electrode 120.

[0034] The fabric substrate 110 may be a fabric sub-
strate as previously described.

[0035] In this example, the first conductive intercon-
nect 130 is a fabric conductive interconnect 114. In this
example the first conductive interconnect 130 is formed
from a filament 112 of the fabric substrate 110 at a first
exterior surface 104 of the fabric substrate 110 that is
not the interior surface 102 of the fabric substrate 110.
[0036] In this example, the at least one sensing elec-
trode 130 is a fabric electrode 116. In this example, the
at least one sensing electrode 130 is formed from one or
more filaments 112 of the fabric substrate 110 at the in-
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terior surface 102 of the fabric substrate 110.

[0037] Also, in this example the at least one reference
electrode 130 is a fabric electrode 116. In this example
the at least one reference electrode 130 is formed from
one or more filaments 112 of the fabric substrate 110 at
the interior surface 102 of the fabric substrate 110.
[0038] In this example there is a second conductive
interconnect 132 connecting to the at least one sensing
electrode 120. In this example, the at least one second
conductive electrode 132 is a fabric conductive intercon-
nect 114. In this example, the at least one second con-
ductive electrode 132 is formed from a filament of the
fabric substrate 110 at a first surface 104 of the fabric
substrate 110 that is not an interior surface 102 of the
fabric substrate.

[0039] As previously described, the fabric conductive
interconnects 114 may each be an integral part of the
fabric substrate 110 as illustrated in Figs. 2A and 2B or
may be an addition to the fabric substrate 110 as illus-
trated in Fig. 2C.

[0040] Fig. 4A illustrates a plan view of an example of
the interior surface 102 of the fabric substrate 110 illus-
trated in Fig 3 and Fig. 4B illustrates a plan view of the
exterior surface 104 of the fabric substrate 110 illustrated
in Fig 3.

[0041] It can be seen that the first conductive intercon-
nect 130 extends along the exterior surface 104 of the
fabric substrate 110 and is not present on the interior
surface 102. The first conductive interconnect 130 forms
shield 140.

[0042] It can be seen that the second conductive inter-
connect 132 extends from the sensing electrode 120 on
the interior surface 102, through the thickness of the fab-
ric substrate 110 to the exterior surface 104 of the fabric
substrate 110. The second conductive interconnect 132
then extends along the exterior surface 104 of the fabric
substrate 110.

[0043] In the example illustrated there are multiple
sensing electrodes 120 (e.g. 1204, 120,...) illustrated and
multiple second conductive interconnects 132 (e.g. 1324,
132,...) each connecting to a respective one of the mul-
tiple sensing electrodes 120. As illustrated in Fig. 4B,
both of the second conductive interconnects 132 extend
along the exterior surface 104 of the fabric substrate 110
but are separate and independent.

[0044] It will therefore be appreciated that the appara-
tus 100 comprises one or more sensing electrodes 120
that may be positioned at any desired location on the
interior surface 102 of the fabric substrate 110 either dur-
ing the manufacture of the fabric substrate (Figs. 2A, 2B)
or added after manufacture (Fig. 2C). Likewise, the ref-
erence electrode 130 can also be positioned at an any
desired location on the exterior surface 104 of the fabric
substrate 110 either during the manufacture of the fabric
substrate (Figs. 2A, 2B) or added after manufacture (Fig.
2C).

[0045] Each of the conductive interconnects 130, 132
may be a fabric conductive interconnect 114 formed from
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a filament 112 of the fabric substrate 110. Each of the
sensing electrodes 120 may be a fabric electrode 116.
The reference electrode 130 may be a fabric electrode
116.

[0046] The use of fabric conductive interconnects 114
and fabric electrodes 116 results in a wholly fabric appa-
ratus 100. It avoids the need for laminating and gluing or
for solid structures which may make the fabric substrate
110 stiff and uncomfortable to wear.

[0047] As illustrated in Figs. 4A and 4B, the apparatus
100 extends over a first area. The conductive intercon-
nects 130, 132 and electrodes 120, 130 are flexible over
this first area providing and maintaining flexibility of the
apparatus 100 over the first area. This flexibility is main-
tained and enhanced by, for example, the use of fabric
conductive interconnects 114, fabric electrodes 116, and
flexible circuitry and by not using stiff laminated conduc-
tors or circuitry.

[0048] The shield 140 shields the sensing electrode
120, or if there are more than one sensing electrode 120
it may shield one, or some, or all of the sensing electrodes
120. This can be understood from Fig. 4B. The first con-
ductive interconnect 130, as illustrated in Fig. 4B, ex-
tends over the exterior surface 104, overlying the sensing
electrodes 120 on the interior surface 102 and provides
a shield 140 to the sensing electrodes 120. In this exam-
ple the width of the first conductive interconnect 130 is
wider than the width of the sensing electrodes 120 such
that the first conductive interconnect entirely overlies the
sensing electrodes 120.

[0049] The first conductive interconnect 130 shields
the at least one sensing electrode 120 from the effects
of electric fields for example those caused by electrostat-
ic charges and, in particular, electric charges arising from
the triboelectric effect. The triboelectric effect describes
a contact electric field arising from frictional contact be-
tween two materials. One of these materials may, for
example, be the fabric substrate 110. One of the material
may, for example, be the body 200 of the subject or other
fabric or clothing worn by the subject, if any.

[0050] In order to provide a shield 140, the first con-
ductive interconnect 130 need notform a continuous con-
ductive structure. It may, for example, form a mesh struc-
ture 150 as illustrated in Fig. 5. In this example, the first
conductive interconnect 130 forms a shield 140 in the
form of a Faraday cage or Faraday shield that covers the
at least one sensing electrode 120.

[0051] The first conductive interconnect 130 provides
a shield for triboelectric charging 140.

[0052] Fig. 6 illustrates an example of the apparatus
100 comprising additional circuitry 60. The circuitry 60 is
interconnected to the one or more sensing electrodes
120 (e.g. 1204, 120, ...) by one or more second intercon-
nects 132 (e.g. 1324, 132, ...) and is interconnected to
the reference electrode 130 via the first interconnect 130.
The reference electrode 130, sensing electrode(s) 120
and interconnects 130, 132 may for example be as de-
scribed in any of the preceding description.
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[0053] The reference electrode 130 provides a low-in-
put impedance discharge path for static charges for ex-
ample those generated by the triboelectric effect. In one
example, the first interconnect 130 is a passive conduc-
tive path to ground. In another example, the reference
electrode 130 is driven, via the first interconnect 130, by
a voltage signal to create a virtual ground.

[0054] In the example illustrated, the apparatus 100
comprises a first sensing electrode 120, at a position on
an interior surface 102 of the fabric substrate 110 for
placement adjacent a portion 202 of the subject’'s body
and a second sensing electrode 220, at a different posi-
tion of the interior surface 102 of the fabric substrate 110
for placement adjacent a different portion 203 of the sub-
ject’s body 200, as illustrated in Fig. 4A.

[0055] In this example, but not necessarily all exam-
ples, the circuitry 60 may be configured to provide a com-
mon-mode voltage to the reference electrode 130. For
example, the common-mode voltage between the sens-
ing electrodes 120 (e.g. 1204, 120,) may be obtained,
and inverted and then driven back to the subject body
200 via the reference electrode 130. This makes the ref-
erence electrode 130 active, but still provides a low input
impedance for the triboelectric charges to be discharged.
[0056] The circuitry 60 may be flexible circuitry such
that it does not compromise or overly compromise the
flexibility of the apparatus 100.

[0057] The apparatus 100 is therefore flexible because
the fabric substrate 110 is flexible and the other compo-
nents of the apparatus 100 are also flexible including the
circuitry 60.

[0058] Fig. 7 illustrates an example of the apparatus
100, similar to that illustrated in Fig 6, in which the circuitry
60 additionally or alternatively comprises electrocardio-
graph (ECG) circuitry 64 and signal-source circuitry 62
and signal-receiver circuitry 70.

[0059] The ECG circuitry 64 comprises an op-amp that
has one input connected to one sensing electrode 1204
and the other input connected to another sensing elec-
trode 120,. The op-amp produces, at its output, a signal
67 representative of the voltage between the sensing
electrodes 1204, 120,. The signal 67 is an ECG signal
(a signal dependent upon the polarization and de-polar-
ization of the subject’'s heart) when the sensing elec-
trodes 1204, 120, are correctly positioned on the sub-
ject’s body 200.

[0060] The signal-source circuitry 62 is configured to
provide a time varying signal 63 as an input signal to one
of the sensing electrodes 1204. This signal travels
through the subject’'s body 200 and is received at the
other of the sensing electrodes 120, as a received time
varying signal 65.

[0061] The frequency of the time varying signal 63 is
preferably outside the frequency band of the signal of
interest. For example, if it is desired to measure ECG
using the sensing electrodes 120, it is desirable to have
the frequency of the input signal 63 outside the ECG band
(for example, the input signal 63 has a frequency in the



9 EP 3 492 009 A1 10

range 4 kHz to 1 MHz). This input signal 63 is modulated
by the impedance between the signal-source circuitry 62
and the signal-receiver circuitry 70.

[0062] Signal-receiver circuitry 70 measures changes
in the received time-varying signal 65 arising from chang-
es in electricalimpedance between the signal-source cir-
cuitry 62 and the signal-receiver circuitry 70.

[0063] The signal-receiver circuitry 70 may comprise
a high pass filter 72, so that it represents a high imped-
ance to the ECG signal.

[0064] After filtering, the signal-receiver circuitry 70
may comprise an op-amp 74 that has one input coupled
to the sensing electrode 120, through the filter 70 and
the other input connected to the sensing electrode 120,
through the filter 70. The op-amp 74 produces, at its out-
put, a signal 77 representative of the impedance from
the signal-source circuitry 62, via the sensing electrodes
1204, 120, to the signal-receiver circuitry 70.

[0065] Where variations in the impedance from the sig-
nal-source circuitry 62, via the sensing electrodes 120,
120, to the signal-receiver circuitry 70 is dominated by
variation in impedance of the body 200, the apparatus
100 is configured to determine a variable internal imped-
ance of the body 200. This variable impedance may for
example be used for impedance tomography or arise
from changing fluid in the thorax, for example liquid in
the lung.

[0066] In some examples, the apparatus 100 is de-
signed so that the impedance from the signal-source cir-
cuitry 62, via the sensing electrodes 1204, 120, to the
signal-receiver circuitry 70 is dominated by variation in
an impedance other than that of the body 200.

For example, the electric path between the signal-source
circuitry 62 and the signal-receiver circuitry 70 may com-
prise the at least one fabric conductor interconnect 114
configured to change impedance with a change in tension
during use. In this example, the apparatus 100 is capable
of detecting a change in resistance arising from the ten-
sioning or a change in tensioning of the fabric conductive-
interconnect 114. Such a change may be caused by
breathing of the subject.

[0067] Fig. 8A illustrates a perspective view of the ap-
paratus 100 configured as a strap 200, to be placed
around a body portion of the subject. In some, but not
necessarily all examples, the strap is a chest-strap de-
signed to be placed around the thorax of the subject. Fig.
8B illustrates a view of the apparatus 100 from a plan
view.

[0068] The apparatus 100 may be configured as de-
scribed with reference to Fig 7 to provide an ECG signal
67 and a signal 77 dependent upon breathing, for exam-
ple.

[0069] Thedimensions ofthe strap 200 along its length
is shorter than the chest circumference of the user so
that when the chest strap 200 is in place, it is under ten-
sion. There may be a buckle or clasp 202 that allows the
strap 200 to be closed around the thorax of the user.
There may also be a tensioning means 204 that allows
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the effective length of the strap to be varied and thereby
control the tension within the strap 200 when it is in use.
The apparatus 100 is therefore configured to tension the
fabric substrate 110 in use.

[0070] As illustrated in Fig. 8B, the chest strap 200 is
configured to position the at least one sensing electrode
120 in contact with a front or side portion of the subject’s
thorax and to position the atleast one reference electrode
130 in contact with a rear portion of the subject’s thorax.
In this example the chest strap 200 is configured to max-
imize a distance of separation between the at least one
sensing electrode 120 and the at least one reference
electrode 130 when measured along the exterior of the
subject’s thorax.

[0071] The apparatus 100 is configured to tension the
fabric structure 110 in use. In some examples, the fabric
structure 110 comprises at least one fabric conductive
interconnect 114 configured to produce a change in im-
pedance with a change in tension during use. Such a
changeinimpedance may be dependent upon breathing.
[0072] The fabric conductive interconnect 114 may be
positioned in the electric path between the signal-source
circuitry 62 and the signal-receiver circuitry 70.

[0073] Fig. 9illustrates an example of a suitable fabric
conductive interconnect 114 configured to cause a
change in impedance with a change in tension during
use. In this example, the fabric conductive interconnect
114 comprises a resiliently extendable filament 112
stitched into the fabric substrate 110. By controlling the
length of the filament 112 it is possible to control the ratio
of the impedance in the body to the ratio of any resistance
change in the resiliently extendable filament 114.
[0074] Inthe example illustrated the fabric conductive
interconnect 114 comprises a resiliently extendible fila-
ment 112 stitched into the fabric structure substrate 110
so that it extends along a surface 104 of the fabric sub-
strate 104 in a series of alternating curves 115. This gives
it a switch-back shape.

[0075] Any of the apparatus 100 described may be in
the form of clothing, where the fabric substrate 110 is
part of the clothing.

[0076] In some but not necessarily all examples, the
apparatus 100 is configured to communicate data from
the apparatus 100 with or without local storage of the
data in a memory at the apparatus and with or without
local processing of the data by circuitry or processors at
the apparatus 100.

[0077] The data may, for example, be measurement
data from one or more sensing electrodes 120 or data
produced by the processing of measurement data from
one or more sensing electrodes 120, such as, for exam-
ple, an ECG signal 57 and/or an impedance signal 77.
[0078] The data may be stored in processed or unproc-
essed format remotely at one or more devices. The data
may be stored in The Cloud.

[0079] The data may be processed remotely at one or
more devices. The data may be partially processed lo-
cally and partially processed remotely at one or more
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devices.

[0080] The data may be communicated to the remote
devices wirelessly via short range radio communications
such as Wi-Fi or Bluetooth, for example, or over long
range cellular radio links such a E-UTRANS. The appa-
ratus may comprise a communications interface such as,
for example, a radio transceiver for communication of
data.

[0081] The apparatus 100 may be part of the Internet
of Things forming part of a larger, distributed network.
[0082] The processing of the data, whether local or re-
mote, may be for the purpose of health monitoring, data
aggregation, patient monitoring, vital signs monitoring or
other purposes.

[0083] The processing of the data, whether local or re-
mote, may involve artificial intelligence or machine learn-
ing algorithms. The data may, for example, be used as
learning input to train an acyclic machine learning net-
work such as a multilayer neural network or may be used
as a query input to a machine learning network, which
provides a response.

[0084] The processing of the data, whether local or re-
mote, may produce an output. The output may be com-
municated to the apparatus 100 where it may produce
an output sensible to the subject such as an audio output,
visual output or haptic output.

[0085] It will be appreciated from the foregoing that the
preceding description describes examples of a method
200, as illustrated in Fig 10. The method 200 comprises:

at block 202, providing a fabric substrate 110;
atblock 204, providing at least one sensing electrode
120;

atblock 206, providing at least one sensing electrode
120 at an interior surface 102 of the fabric substrate
110 for placement adjacent a first portion 204 of the
subject’s body;

at block 208, providing at least one reference elec-
trode 130 at the interior surface 102 of the fabric
substrate 110 for placement adjacent a second por-
tion 202 of the subject’s body 200; and

atblock 210, providing a first conductive interconnect
130 connecting to the at least one reference elec-
trode 130 where the firstconductive interconnect 130
is arranged and positioned on a portion of the fabric
substrate 110 other than the interior surface of the
fabric substrate 110 to provide part of a shield to the
at least one sensing electrode 130.

[0086] As used in this application, the term ’circuitry’
refers to all of the following:

(a) hardware-only circuit implementations (such as
implementations in only analog and/or digital circuit-
ry) and

(b) to combinations of circuits and software (and/or
firmware), such as (as applicable): (i) to a combina-
tion of processor(s) or (ii) to portions of proces-

10

15

20

25

30

35

40

45

50

55

sor(s)/software (including digital signal proces-
sor(s)), software, and memory(ies) that work togeth-
er to cause an apparatus, such as a mobile phone
or server, to perform various functions and

(c) to circuits, such as a microprocessor(s) or a por-
tion of a microprocessor(s), that require software or
firmware for operation, even if the software or
firmware is not physically present.

This definition of 'circuitry’ applies to all uses of this term
in this application, including in any claims. As a further
example, as used in this application, the term "circuitry"
would also cover an implementation of merely a proces-
sor (or multiple processors) or portion of a processor and
its (or their) accompanying software and/or firmware. The
term "circuitry" would also cover, for example and if ap-
plicable to the particular claim element, a baseband in-
tegrated circuit or applications processor integrated cir-
cuit for a mobile phone or a similar integrated circuit in a
server, a cellular network device, or other network device.
[0087] Where astructural feature has been described,
it may be replaced by means for performing one or more
of the functions of the structural feature whether that func-
tion or those functions are explicitly or implicitly de-
scribed.

[0088] The term 'comprise’ is used in this document
with an inclusive not an exclusive meaning. That is any
reference to X comprising Y indicates that X may com-
prise only one Y or may comprise more than one Y. If it
is intended to use ‘comprise’ with an exclusive meaning
then it will be made clear in the context by referring to
"comprising only one.." or by using "consisting".

[0089] In this brief description, reference has been
made to various examples. The description of features
or functions in relation to an example indicates that those
features or functions are present in that example. The
use of the term 'example’ or 'for example’ or ‘'may’ in the
text denotes, whether explicitly stated or not, that such
features or functions are present in atleast the described
example, whether described as an example or not, and
thatthey can be, but are not necessarily, presentin some
of or all other examples. Thus ’example’, 'for example’
or ‘'may’ refers to a particular instance in a class of ex-
amples. A property of the instance can be a property of
only that instance or a property of the class or a property
of a subclass of the class that includes some but not all
of the instances in the class. It is therefore implicitly dis-
closed that a feature described with reference to one ex-
ample but not with reference to another example, can
where possible be used in that other example but does
not necessarily have to be used in that other example.
[0090] Although embodiments of the presentinvention
have been described in the preceding paragraphs with
reference to various examples, it should be appreciated
that modifications to the examples given can be made
without departing from the scope of the invention as
claimed.

[0091] Featuresdescribed inthe preceding description
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may be used in combinations other than the combina-
tions explicitly described.

[0092] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not.
[0093] Althoughfeatures have beendescribed with ref-
erence to certain embodiments, those features may also
be present in other embodiments whether described or
not.

[0094] Whilst endeavoring in the foregoing specifica-
tion to draw attention to those features of the invention
believed to be of particular importance it should be un-
derstood that the Applicant claims protection in respect
of any patentable feature or combination of features here-
inbefore referred to and/or shown in the drawings wheth-
er or not particular emphasis has been placed thereon.

Claims
1. An apparatus comprising:

a fabric substrate;

at least one sensing electrode at an interior sur-
face of the fabric substrate for placement adja-
cent a first portion of a subject’s body;

at least one reference electrode at the interior
surface of the fabric substrate for placement ad-
jacent a second portion of a subject’s body; and
a first conductive interconnect connecting to the
at least one reference electrode wherein the
firstconductive interconnectis arranged and po-
sitioned on a portion of the fabric substrate other
than the interior surface of the fabric substrate
to provide part of a shield to the at least one
sensing electrode.

2. Anapparatus as claimed in claim 1, wherein the first
conductive interconnect is a fabric conductive-inter-
connect at a first surface of the fabric substrate that
is not an interior surface of the fabric substrate.

3. An apparatus as claimed in claim 1 or 2 or, wherein
the at least one sensing electrode is a fabric elec-
trode at a second surface, the interior surface, of the
fabric substrate and/or
the at least one reference electrode is a fabric elec-
trode at a second surface, the interior surface, of the
fabric substrate.

4. An apparatus as claimed in any preceding claim,
comprising at least one second conductive intercon-
nect connecting to the atleast one sensing electrode,
wherein each at least one second conductive inter-
connect is a fabric conductive-interconnect.

5. An apparatus as claimed in any preceding claim,
comprising flexible circuitry operatively intercon-
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10.

1.

12.

nected to the at least one sensing electrode and the
at least one reference electrode for producing a
sensing signal.

An apparatus as claimed in any preceding claim con-
figured as a chest strap configured to position the at
least one sensing electrode in contact with a front or
side portion of a subject’s thorax and to position the
atleast one reference electrode in contact with arear
portion of a subject’s thorax.

An apparatus as claimed in claim 6, configured to
maximize a distance of separation between the at
least one sensing electrode and the at least one ref-
erence electrode.

An apparatus as claimed in any preceding claim,
comprising

a first sensing electrode at a position on an interior
surface of the fabric substrate for placement adja-
cent a portion of a subject’s body;

a second sensing electrode at a different position on
the interior surface of the fabric substrate for place-
ment adjacent a different portion of a subject’s body;
circuitry configured to provide a common mode volt-
age at the reference electrode.

An apparatus as claimed in any preceding claim,
comprising

a first sensing electrode at a position on an interior
surface of the fabric substrate for placement adja-
cent a portion of a subject’s body;

a second sensing electrode at a different position on
the interior surface of the fabric substrate for place-
ment adjacent a different portion of a subject’s body;
ECG circuitry configured to provide an ECG signal
from the first sensing electrode and the second sens-
ing electrode;

input circuitry configured to apply a time-varying in-
put signal at the first sensing electrode; and

output circuitry configured to detect a time-varying
output signal at the second sensing electrode.

An apparatus as claimed in any preceding claim con-
figured to tension the fabric substrate in use, the fab-
ric substrate comprising at least a fabric conductive-
interconnect configured to resiliently change imped-
ance with a change in tension during use.

An apparatus as claimed in claim 10, when depend-
ent upon claim 9, wherein an electric path between
input circuitry and output circuitry comprises the at
least one fabric conductive-interconnect configured
toresiliently change impedance with a changeinten-
sion during use.

An apparatus as claimed in claim 12 or 13, wherein
the fabric conductive-interconnect comprises a re-
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siliently extendible filament stitched into the fabric
substrate.

13. An apparatus as claimed in claim 14, wherein the
fabric conductive-interconnect comprises aresilient- 5
ly extendible filament stitched into the fabric sub-
strate so that it extends along a surface of the fabric
substrate in a series of alternating curves.

14. An apparatus as claimed in any preceding claim in 70
the form of clothing, wherein the fabric substrate is
part of the clothing.

15. A method comprising:
15

providing a fabric substrate;
providing at least one sensing electrode at an
interior surface of the fabric substrate for place-
ment adjacent a first portion of a subject’s body;
providing at least one reference electrode atthe 20
interior surface of the fabric substrate for place-
ment adjacent a second portion of a subject’s
body; and
providing a first conductive interconnect con-
necting to the at least one reference electrode 25
wherein the
firstconductive interconnectis arranged and po-
sitioned on a portion of the fabric substrate other
than the interior surface of the fabric substrate
to provide part of a shield to the at least one 30
sensing electrode.
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202~

providing a fabric substrate

A

204~

providing at least one sensing electrode

A\

206~ |

providing at least one sensing electrode at an interior surface of the
fabric substrate for placement adjacent a first portion of the
subject's body

]

208~

providing at least one reference electrode at the interior surface
of the fabric substrate for placement adjacent a second portion of
the subject's body

v

providing a first conductive interconnect connecting to the at least

one reference electrode where the first conductive interconnect is

arranged and positioned on a portion of the fabric substrate other

than the interior surface of the fabric substrate to provide part of a
shield to the at least one sensing electrode.

FIG. 10
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