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APPARATUS AND ELECTRONIC CIRCUITRY FOR SENSING BIOSIGNALS

An apparatus and electronic circuitry wherein

the apparatus comprises: a first electrode arranged to
enable an output indicative of a bioelectrical signal to be
provided; a second electrode; and a deformable material
positioned between the first electrode and the second
electrode wherein the deformable material is positioned

within the apparatus such that deformation of the deform-
able material causes a change in charge distribution
across the first electrode and second electrode to enable

an

output indicative of a biomechanical signal to be pro-

vided by the apparatus.
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Description
TECHNOLOGICAL FIELD

[0001] Examples of the disclosure relate to apparatus
and electronic circuitry for sensing biosignals. In partic-
ular they relate to apparatus and electronic circuitry for
sensing both bioelectric and biomechanical signals.

BACKGROUND

[0002] Measurements of biosignals can be used to ob-
tain information about a subject’s health and/or physical
state. A subject produces different types of biosignals
such as bioelectrical signals and biomechanical signals.
Bioelectrical signals may comprise signals which relate
to changes in the electrical potential within the subject’s
body and biomechanical signals may comprise signals
which relate to movement of the subject’s body such as
vibrations caused by the subject’s heartbeat.

[0003] It is useful to be able to obtain information from
different types of biosignals such as bioelectric and bio-
mechanical signals. This can provide more information
about the subject and can ensure that more accurate
information is obtained. Therefore it is useful to have an
apparatus and electronic circuitry which can obtain such
information.

BRIEF SUMMARY

[0004] Accordingto various, but not necessarily all, ex-
amples of the disclosure, there is provided an apparatus
comprising: afirst electrode arranged to enable an output
indicative of a bioelectrical signal to be provided; a sec-
ond electrode; and a deformable material positioned be-
tween the first electrode and the second electrode where-
in the deformable material is positioned within the appa-
ratus such that deformation of the deformable material
causes a change in charge distribution across the first
electrode and second electrode in response to deforma-
tion of the deformable material to enable an output indic-
ative of a biomechanical signal to be provided by the
apparatus.

[0005] The deformable material may comprise at least
one of; ferroelectret film, piezoelectric film.

[0006] The second electrode may provide an electrical
guard for the first electrode.

[0007] The second electrode may provide an output
indicative of the biomechanical signal and a guard volt-
age of the first electrode.

[0008] The apparatus may be arranged to be coupled
to circuitry arranged to measure the bioelectric signal and
the biomechanical signal.

[0009] The apparatus may be arranged to be coupled
to circuitry arranged to separate the biomechanical signal
from the bioelectric signal.

[0010] The bioelectrical signal may comprise at least
one of electrocardiogram signal, electroencephalogram
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signal, electromyogram signal, electrooculogram signal,
electrogastrogram signal, galvanic skin potential.
[0011] The biomechanical signal may comprise at
least one of ballistocardiogram signal, seismocardio-
gram signal, phonocardiogram signal.

[0012] The apparatus may be arranged to be posi-
tioned on the body of a subject.

[0013] The first electrode may be arranged to be posi-
tioned between the second electrode and the subject’s
body.

[0014] The first electrode may comprise one or more
discontinuities.

[0015] Accordingto various, but not necessarily all, ex-

amples of the disclosure there may be provided electron-
ic circuitry comprising: means for receiving a first input
signal from a sensing apparatus; means for receiving a
second input signal from the sensing apparatus; means
for processing the first input signal and the second input
signal so as to enable a biomechanical signal to be sep-
arated from a bioelectrical signal; wherein the means for
processing the first input signal and the second input sig-
nal is coupled to a first output arranged to provide an
output indicative of the bioelectric signal coupled to a
second output arranged to provide an output indicative
of the biomechanical signal.

[0016] The means for processing may comprise circuit
components arranged to separate the biomechanical sig-
nal from the bioelectrical signal.

[0017] The electronic circuit may be arranged so that
the first input signal is received from a first electrode of
the sensing apparatus.

[0018] The means forreceiving a first input signal may
be coupled to a non-inverting amplifier.

[0019] The electronic circuit may be arranged so that
the second input signal is received from a second elec-
trode of the sensing apparatus, wherein the second elec-
trode is coupled to the first electrode.

[0020] The electronic circuit may be arranged so that
the second electrode is biased to the voltage of the first
electrode.

[0021] The means for receiving a second input signal
may be coupled to a charge amplifier.

[0022] The output of the non-inverting amplifier may
be provided as a reference input to the charge amplifier.
[0023] The electronic circuitry may comprise a differ-
ence amplifier arranged to remove a reference voltage
from the biomechanical signal.

[0024] Accordingto various, but not necessarily all, ex-
amples of the disclosure there may be provided electron-
ic circuitry comprising: a first input arranged to receive a
firstinput signal from a sensing apparatus; a second input
arranged to receive a second input signal from the sens-
ing apparatus; processing circuitry arranged to process
the first input signal and the second input signal so as to
enable a biomechanical signal to be separated from a
bioelectrical signal; wherein the processing circuitry is
coupled to a first output arranged to provide an output
indicative of the bioelectric signal coupled to a second
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output arranged to provide an output indicative of the
biomechanical signal.

BRIEF DESCRIPTION

[0025] 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 apparatus;

Fig. 2 illustrates example electronic circuitry;

Fig. 3illustrates an example apparatus and electron-
ic circuitry; and

Figs. 4A to 4D illustrate another example apparatus
and electronic circuitry.

DETAILED DESCRIPTION

[0026] The figures show apparatus 1 and electronic
circuitry 21 for sensing different types of biosignals. The
apparatus 1 comprises at least a first electrode 3 and a
second electrode 5 which are arranged to sense both
bioelectric and biomechanical signals. The electronic cir-
cuitry 21 is arranged to receive input signals from the
apparatus 1 and provide output signals indicative of both
the bioelectric and biomechanical signals.

[0027] The apparatus 1 and electronic circuitry 21
therefore provide means for measuring both a bioelectric
signal and a biomechanical signal. The same sensing
apparatus 1 is used to transduce both the bioelectric sig-
nal and a biomechanical signal into electrical output sig-
nals. This enables the biomechanical measurements to
be made at the same location, or very similar locations,
to the biomechanical measurements. In some examples
this could enable biomechanical measurements to be
made at exactly the same location as the bioelectrical
measurements. This enables more information about the
health and/or physical state of the subject 11 to be ob-
tained. This may also improve the accuracy and/or reli-
ability of the information that is obtained.

[0028] In the following description the term coupled
means operationally coupled. Any number or combina-
tion of intervening elements can exist between coupled
components, including no intervening elements.

[0029] Fig. 1 schematically illustrates an apparatus 1
according to examples of the disclosure. The apparatus
1 may be for sensing biosignals. The apparatus 1 enables
biosignals 13 from a subject 11 to be transduced into
electrical output signals 15, 17. In examples of the dis-
closure the apparatus 1 enables both bioelectric signals
and biomechanical signals to be transduced into electri-
cal output signals 15, 17. Therefore the apparatus 1 pro-
vides a single sensing device that may be arranged to
detect both bioelectrical and biomechanical signals si-
multaneously.

[0030] The apparatus 1 comprises; a first electrode 3
arranged to enable an output 17 indicative of a bioelec-
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trical signal to be provided; a second electrode 5; and a
deformable material 7 positioned between the first elec-
trode 3 and the second electrode 5 wherein the deform-
able material 7 is arranged to cause a change in charge
distribution across the first electrode 3 and second elec-
trode 5in response to deformation of the deformable ma-
terial 7 to enable an output 15 indicative of a biomechan-
ical signal to be provided by the apparatus 1.

[0031] The apparatus 1 is arranged to be positioned
on the body of a subject 11. A subject could be a person
or an animal. A subject could be a patient who may be
undergoing diagnostic tests or any other health monitor-
ing applications. In some examples of the disclosure the
apparatus 1 may be provided within a small wearable
pad, or other device, which may be arranged to be at-
tached to the subject’s body so that the apparatus 1 can
detect biosignals 13 generated by the subject 11. The
apparatus 1 may be arranged to be adhered or otherwise
secured to the subject’'s body. When the apparatus 1 is
secured to the subject’s body the electrodes 3, 5 may be
positioned adjacent to the subject’s skin. In some exam-
ples this may enable the subject 11 to move but ensure
that the apparatus 1 remains fixed in position on the sub-
ject’s body. The apparatus 1 may be arranged to be po-
sitioned on any suitable part of the subject’s body, such
as the torso, limbs, head or any other location.

[0032] The first electrode 3 comprises means for de-
tecting a bioelectric signal and providing an electrical out-
put 17 indicative of the detected bioelectrical signal. In
some examples the first electrode 3 could be a capacitive
coupling electrode which may be arranged to detect
charge displacements caused by bioelectric signals of
the subject 11. In such examples the apparatus 1 is ar-
ranged so that the first electrode 3 is not positioned in
direct contact with the subject 11 when the apparatus 1
isin use. In such examples the apparatus 1 may comprise
an insulating material which may be positioned overlay-
ing the first electrode 3 so that when the apparatus 1 is
in use the insulating material is positioned between the
first electrode 3 and the subject 11.

[0033] In other examples the apparatus 1 may be ar-
ranged so that first electrode 3 can be positioned in gal-
vanic contact with the subject 11 so as to provide a direct
current path between the subject 11 and the first elec-
trode 3. In such examples a conductive gel, or other ma-
terial, may be used to facilitate the detection of the bio-
electric signals. The conductive gel, or other material,
may be coated on the skin of the subject 11 and/or on
the surface of the first electrode 3 to improve the con-
ductive path between the first electrode 3 and the subject
11.

[0034] The bioelectrical signal that is sensed by the
first electrode 3 may comprise any time varying electrical
signal that is generated by the subject’s body. The bio-
electrical signal may comprise an autonomic signal. The
autonomic signal may be controlled subconsciously by
the subject 11.In some examples the bioelectrical signals
may comprise electrical signals that are generated within



5 EP 3 461 401 A1 6

the subject’s body by the subject’s heartbeat. In some
examples the bioelectrical signals could comprise elec-
trical activity of the subject’s brain or other parts of their
nervous system. The bioelectrical signal could comprise
at least one of an electrocardiogram signal, electroen-
cephalogram signal, electromyogram signal, electrooc-
ulogram signal, electrogastrogram signal, galvanic skin
potential or any other suitable bioelectrical signal.
[0035] The second electrode 5 is positioned within the
apparatus 1 so that the first electrode 3 overlays the sec-
ond electrode 5. The second electrode 5 may be ar-
ranged to provide a guard for the first electrode 3. The
apparatus 1 may be coupled to electronic circuitry 21
whichis arranged so that the second electrode 5 provides
a guard for the first electrode 3. The second electrode 5
may be driven to a guard voltage to reduce current leak-
age from the first electrode 3. The second electrode 5
may guard the first electrode 3 from electronic circuitry
21 which may be coupled to the apparatus 1 and/or other
environmental factors which may affect the output 15 pro-
vided by the first electrode 3.

[0036] In examples of the disclosure a layer of deform-
able material 7 is provided between the first electrode 3
and the second electrode 5. The deformable material 7
is arranged within the apparatus 1 so that the deformable
material 7 is deformed when the subject’s body moves
or changes shape. For example, the deformable material
7 may change shape in response to biomechanical sig-
nals such as vibrations within the subject’s body caused
by the subject’s heartbeat.

[0037] The biomechanical signals that cause the de-
formation of the deformable material 7 may comprise any
time varying mechanical signal that is generated by the
subject’s body. The biomechanical signal may comprise
an autonomic signal. The autonomic signal may be con-
trolled subconsciously by the subject 11. In some exam-
ples the biomechanical signals may comprise mechani-
cal signals that are generated within the subject’s body
by the subject's heartbeat, respiration, abdominal
sounds or other body movements. In some examples the
biomechanical signal 15 could comprise at least one of
ballistocardiogram signal, seismocardiogram signal,
phonocardiogram signal or any other suitable signal.
[0038] In examples of the disclosure other parts of the
apparatus 1 may also be deformable in addition to the
deformable material 7. This may enable the deformable
material 7 to change shape in response to a biomechan-
ical signal. For example, in embodiments where the first
electrode 3 is positioned adjacent to the subject 11, the
first electrode 3 may be flexible so that both the first elec-
trode 3 and the deformable material 7 change shape in
response to biomechanical signals. When the apparatus
1 is coupled to a subject’s body both the first electrode
3 and the deformable material 7 may be deformed in
response to the biomechanical signals. Similarly, in em-
bodiments where the second electrode 5 is positioned
adjacent to the subject 11, the second electrode 5 may
be flexible. In some examples both the first electrode 3
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and the second electrode 5 could be flexible.

[0039] In examples of the disclosure the deformable
material 7 comprises a material in which the charged
particles within the material are rearranged in response
to deformation of the material. The rearrangement of the
charged particles may comprise a change in the distri-
bution of the particles within the deformable material 7.
For instance, the deformable material 7 may comprise
at least one of; ferroelectret film, piezoelectric film or any
other suitable material. The deformable material 7 may
be positioned within the apparatus such that deformation
of the deformable material 7 causes a change in charge
distribution across the first electrode 3 and second elec-
trode 5 when it is deformed.

[0040] The deformable material 7 is positioned be-
tween the first electrode 3 and the second electrode 5
so that the first electrode 3, second electrode 5 and de-
formable material 7 form a capacitor. The charge on the
second electrode 5 is determined by both the voltage at
the first electrode 3 and the deformation of the deform-
able material 7. As the deformation of the deformable
material 7 is caused by a biomechanical signal the sec-
ond electrode 5 provides an electrical output signal 15
which contains information indicative of the biomechan-
ical signal. The output signal provided by the second elec-
trode 15 also comprises a componentwhichis dependent
upon the voltage at the first electrode 3. As thisis affected
by the bioelectrical signals, the electrical output signal
15 also comprises a component whichis dependentupon
the bioelectrical signal.

[0041] The apparatus 1 could be coupled to electronic
circuitry 21 so that the output signal 15 can be measured
by the electronic circuitry 21. The electronic circuitry 21
may also be arranged to separate the biomechanical sig-
nal from other components within the output signal 15.
Examples of electronic circuitry 21 which could be used
are shown in Figs. 2 to 4.

[0042] Fig.2schematicallyillustrates electronic circuit-
ry 21 according to examples of the disclosure. The elec-
tronic circuitry 21 could be coupled to an apparatus 1 as
described above. In some examples the electronic cir-
cuitry 21 may be provided within the same device as the
sensing apparatus 1. For instance, both the electronic
circuitry 21 and the sensing apparatus 1 may be provided
within a wearable pad, or other device, that could be at-
tached to the subject 11. In other examples some parts
of the electronic circuitry 21 could be located remote to
the sensing apparatus 1. In such cases there may be a
wireless communication link provided between the sens-
ing apparatus 1 and some of the components of the elec-
tronic circuitry 21.

[0043] Inexamples of the disclosure the electronic cir-
cuitry 21 comprises: a first input 23 arranged to receive
a first input signal from a sensing apparatus 1; a second
input 25 arranged to receive a second input signal from
the sensing apparatus 1; means 24 for processing the
first input signal and the second input signal so as to
enable a biomechanical signal to be separated from a
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bioelectrical signal; wherein the means 24 for processing
the first input signal and the second input signal is cou-
pled to a first output 27 arranged to provide an output
indicative of the bioelectric signal coupled to a second
output 29 arranged to provide an output indicative of the
biomechanical signal.

[0044] The electronic circuitry 21 may be arranged so
that the first input signal is received from the first elec-
trode 3 of the sensing apparatus 1. The first input signal
therefore comprises information indicative of the bioelec-
trical signal. The first input 23 may be coupled to the first
output 27. The first input 23 may be coupled to the first
output 27 via the processing means 24 so that the first
output 27 provides a signal indicative of the bioelectrical
signal. In some examples the first input 23 processing
means 24 may comprise a non-inverting amplifier or any
other suitable means.

[0045] Theelectroniccircuitry 21 may also be arranged
so that the second input signal is received from the sec-
ond electrode 5 of the sensing apparatus 1. The second
input signal therefore comprises components indicative
of the biomechanical signal. It is to be appreciated that
the second input signal may also comprise other com-
ponents in addition to the components indicative of the
biomechanical signal. The second input 25 may be cou-
pled to the second output 29. The second input 25 may
be coupled to the second output 29 via the processing
means 24 so that the second output provides a signal
indicative of the biomechanical signal. The processing
means 24 may comprise circuitry thatis arranged to sep-
arate the biomechanical signal from the other compo-
nents of the input signal so that the second output 29
provides a signal indicative of the biomechanical signal.
In some examples the processing means 24 may com-
prise a charge amplifier or any other suitable means. In
some examples the processing means 24 may also com-
prise a difference amplifier, or any other suitable means.
The difference amplifier may be arranged to separate the
biomechanical signal from the other components of the
input signal.

[0046] In some examples the electronic circuitry 21
may be arranged to enable the second electrode 5 to
provide an electrical guard for the first electrode. In some
examples the electronic circuitry 21 may be arranged to
provide a guard voltage to the second electrode 5 of the
apparatus 1.

[0047] Fig. 3 illustrates an example apparatus 1 and
electronic circuitry 21 coupled to the apparatus 1 accord-
ing to an example of the disclosure. The apparatus 1
comprises a first electrode 3, second electrode 5 and
deformable material 7 as described above. The electron-
ic circuitry 21 comprises a first input 23, second input 25,
first output 27 and second output 29 as described above.
The example apparatus 1 and electronic circuitry 21 may
be provided within a wearable sensing device which is
arranged to sense the subject’s biosignals.

[0048] The example apparatus 1 of Fig. 3 is arranged
so that when the apparatus 1 is in use the first electrode
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3 is positioned between the second electrode 5 and the
subject’s body. In some examples the first electrode 3
could be in galvanic contact with the subject’s body so
that a direct current path is provided between the first
electrode 3 and the subject’s body. In other examples
the first electrode 3 could form a capacitive sensor so
that an insulating layer may be provided between the first
electrode 3 and the subject’s body.

[0049] In the example of Fig. 3 the bioelectric signals
that the apparatus 1 is arranged to sense comprise elec-
trocardiogram (ECG) signals and the biomechanical sig-
nals that the apparatus 1 is arranged to sense comprise
seismocardiogram (SCG) signals and/or phonocardio-
gram (PCG) signals. The apparatus 1 may be arranged
so that it can be positioned on the subject’s body at suit-
able locations to enable the ECG, SCG and PCG signals
to be detected. For example the apparatus 1 may be
provided in a small contact pad, or other suitable device,
which can be adhered to the subject’s torso or limbs. It
is to be appreciated that the apparatus 1 could be used
to sense other types of biosignals in other examples of
the disclosure.

[0050] The first output signal 17 provided by the first
electrode 3is providedto the firstinput 23 of the electronic
circuitry 21. In the example of Fig. 3 the first input 23 is
coupled to a non-inverting amplifier 31. In the example
of Fig. 3 the non-inverting amplifier is a voltage follower.
Other types of non-inverting amplifier may be used in
other examples of the disclosure.

[0051] The non-inverting amplifier 31 provides the first
output 27 of the electronic circuitry 21 which is indicative
of the bioelectrical signal.

[0052] The second output signal 15 provided by the
second electrode 5 is provided to the second input 25 of
the electronic circuitry 21. In the example of Fig. 3 the
second input 25 is coupled to an inverting amplifier 33.
In the example of Fig. 3 the inverting amplifier 33 is a
charge amplifier whichis arranged to integrate the charge
from the second electrode 5.

[0053] In the example of Fig. 3 the output 15 from the
second electrode is provided to the negative input of the
charge amplifier 33. The output from the non-inverting
amplifier 31 is provided to the positive input. This enables
the second electrode 5 to act as a guard for the first elec-
trode 3.

[0054] The charge amplifier 33 provides an output 35
which has a first componentindicative of the biomechan-
ical signal and a second component indicative of the bio-
electrical signal. The output 35 of the charge amplifier 33
is provided to a difference amplifier 37. The difference
amplifier 35 is arranged to provide the second output 29
of the electronic circuitry 21. The output from the charge
amplifier 33 is provided to the negative terminal of the
difference amplifier 37 and the output of the non-inverting
amplifier 31 is provided to the positive terminal so that
the output 29 of the difference amplifier 35 is indicative
of the biomechanical signal. The difference amplifier 37
may remove the bioelectrical components from the sig-



9 EP 3 461 401 A1 10

nal. The difference amplifier 37 may remove other com-
ponents such as the guard voltage from the input signal.
[0055] Therefore the example apparatus 1 and elec-
tronic circuitry 21 of Fig. 3 enable a single sensing ap-
paratus 1 to detect both bioelectrical and biomechanical
signals. The electronic circuitry 21 enables two different
outputs to be provided indicative of each of these signals.
[0056] Figs. 4Ato 4D illustrate another example appa-
ratus 1 and electronic circuitry 21 according to examples
of the disclosure. The apparatus 1 comprises a first elec-
trode 3, second electrode 5 and deformable material 7
which may be as described above. In the examples of
Figs. 4A to 4D the apparatus 1 also comprises a conduc-
tive shield 41.

[0057] The conductive shield 41 may comprise means
for shielding the first electrode 3. In some examples the
conductive shield 41 may be arranged to shield the first
electrode 3 from triboelectric charges. The conductive
shield 41 may comprise any suitable material.

[0058] Fig. 4A illustrates a plan view of an example
first electrode 3 and a conductive shield 41. Thefirstelec-
trode 3 and the conductive shield 41 may be arranged
on the same layer within the apparatus 1 so that the first
electrode 3 covers a portion of the surface and the con-
ductive shield 41 covers a different portion of the surface.
[0059] In the example of Fig. 4A the conductive shield
41 and thefirst electrode 3 have interdigitated structures.
The interdigitated structures provide discontinuitiesinthe
surface of the first electrode 3. The interdigitated struc-
tures comprise a plurality of extended projections 45, 43.
Thefirst electrode 3 comprises afirst plurality of extended
projections 43 and the conductive shield 41 comprises a
second plurality of extended projections 45. The conduc-
tive shield 41 and the first electrode 3 are arranged so
that the extended projections 45 of the conductive shield
5 are positioned between the extended projections 43 of
the first electrode 3. The extended projections 45 of the
conductive shield 5 are separate from the extended pro-
jections 43 of the electrode 3 so that there is no direct
current path between the conductive shield 41 and the
first electrode 3.

[0060] It is to be appreciated that other arrangements
of the conductive shield 41 and the first electrode 3 could
be used in other examples of the disclosure. Fig. 4B il-
lustrates a plan view of another example arrangement in
which the conductive shield 41 comprises a hemisphere
and the first electrode 3 also comprises a hemisphere.
Other shapes and arrangements could be used in other
embodiments.

[0061] Insome examples the conductive shield 41 and
the first electrode 3 may provide the outer surface of the
apparatus 1 so that, in use, the conductive shield 41 and
the first electrode 3 contact the subject’s body. In other
examples an insulating layer may be provided overlaying,
at least a portion of the conductive shield 41 and the first
electrode 3 so that, in use, the insulating layer contacts
the subject’s body. The insulating material could com-
prise any suitable material. In some examples the insu-
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lating material may comprise a fabric. The fabric could
comprise a material which, like human skin, has a ten-
dency to charge positively such as nylon. In other exam-
ples the insulating material could comprise a solder
mask.

[0062] In some examples the insulating layer might
cover the entire of the conductive shield 41 and the first
electrode 3. In other examples the first insulating layer
31 may partially cover the conductive shield 41 and the
electrode 3. For instance, the insulating layer could cover
the first electrode 3 but may leave the conductive shield
41 uncovered.

[0063] Fig. 4C illustrates a plan view of the second
electrode 5 which may be provided within the apparatus
1. The second electrode 5 may comprise a continuous
conductive surface which acts as a guard between the
first electrode 3 and the circuitry 21.

[0064] Fig.4Dillustrates the example apparatus 1 cou-
pled to electronic circuitry 21. As described above the
first output signal 17 provided by the first electrode 3 is
provided to the first input 23 of the electronic circuitry 21.
In the example of Fig. 4D the first input is coupled to a
non-inverting amplifier 31 which may be a voltage follow-
er or other suitable type of non-inverting amplifier. The
non-inverting amplifier 31 provides the first output 27 of
the electronic circuitry 21 which is indicative of the bioe-
lectrical signal.

[0065] The outputofthe non-inverting amplifier 31 may
also be provided to the conductive shield 41. This enables
the conductive shield 41 to be driven to the same potential
as the first electrode 3. In some examples a buffer 47
may be provided between the non-inverting amplifier 31
and the conductive shield 41.

[0066] The second output signal 15 provided by the
second electrode 5 is provided to the second input 25 of
the electronic circuitry 21. In the example of Fig. 4D the
second input 25 is coupled to an inverting amplifier 33
which is arranged to integrate the charge from the second
electrode 5.

[0067] Inthe example of Fig. 4D the output 15 from the
second electrode is provided to the negative input of the
charge amplifier 33. The output from the non-inverting
amplifier 31 is provided to the positive input. This enables
the second electrode 5 to act as a guard for the first elec-
trode 3. The output 35 from the charge amplifier 33 may
be provided to a difference amplifier 37 which is not
shown in Fig. 4D.

[0068] The example of Fig. 4D therefore provides an-
other apparatus 1 and corresponding circuitry which en-
ables a single sensing apparatus 1 to detect both bioe-
lectrical and biomechanical signals.

[0069] Inthe examples described above the apparatus
1 and electronic circuitry 21 may be provided as part of
a system which can be used to measure ECG signals or
any other suitable types of signals. In such systems a
plurality of sensing apparatus 1 and corresponding elec-
tronic circuitry 21 may be provided. The plurality of sens-
ing apparatus 1 may be arranged to be located on differ-
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ent parts of the subject’s body. For instance, if the appa-
ratus 1 are being used to obtain ECG signals the appa-
ratus 1 could be located across the chest of the subject
and on the respective arms and legs. In other examples
the apparatus 1 may be arranged to be located on other
parts of the subject’s body. For instance, where the bio-
electrical signal comprises an electrooculogram signal
the apparatus 1 may be arranged to be positioned around
a subject’s eyes.

[0070] Inexamples of the disclosure the same sensing
apparatus 1 transduces both a biomechanical signal and
a bioelectric signal. This enables more information to be
obtained from the subject 11 with asingle sensing device.
This also enables the bioelectric signal and the biome-
chanical signal to be measured simultaneously and at
the same location on the subject’s body. This may enable
accurate information about the subject’s bio signals to
be obtained.

[0071] For example, where the apparatus 1 is used to
obtain ECG and SCG/PCG signals the information from
these signals can be combined to measure cardiac time
intervals such as the pre-ejection period (PEP) and the
leftventricularejection time (LVET). ltis to be appreciated
that other parameters of the subject’s health or wellbeing
could be measured using apparatus 1 and electronic cir-
cuitry according to examples of the disclosure.

[0072] 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".

[0073] 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 at least the de-
scribed example, whether described as an example or
not, and that they can be, but are notnecessarily, present
in some of or all other examples. Thus "example", "for
example" or "may" refers to a particular instance in a
class of examples. A property of the instance can be a
property of only that instance or a property of the class
ora property of a subclass of the class thatincludes some
but not all of the instances in the class. It is therefore
implicitly disclosed that a feature described with refer-
ence to one example but not with reference to another
example, can where possible be used in that other ex-
ample but does not necessarily have to be used in that
other example.

[0074] Although embodiments of the present invention
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
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claimed.

[0075] Features described inthe preceding description
may be used in combinations other than the combina-
tions explicitly described.

[0076] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not.
[0077] Although features have beendescribed with ref-
erence to certain embodiments, those features may also
be present in other embodiments whether described or
not.

[0078] 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 first electrode arranged to enable an output
indicative of a bioelectrical signal to be provided;
a second electrode; and

a deformable material positioned between the
first electrode and the second electrode wherein
the deformable material is positioned within the
apparatus such that deformation of the deform-
able material causes a change in charge distri-
bution across the first electrode and second
electrode to enable an output indicative of a bi-
omechanical signal to be provided by the appa-
ratus.

2. An apparatus as claimed in any preceding claim
wherein the deformable material comprises at least
one of; ferroelectret film, piezoelectric film.

3. An apparatus as claimed in any preceding claim
wherein the second electrode provides an electrical
guard for the first electrode.

4. An apparatus as claimed in any preceding claim
wherein the second electrode provides an outputin-
dicative of the biomechanical signal and a guard volt-
age of the first electrode.

5. An apparatus as claimed in any preceding claim
wherein the apparatus is arranged to be coupled to
circuitry arranged to measure the bioelectric signal
and the biomechanical signal and/or the apparatus
is arranged to be coupled to circuitry arranged to
separate the biomechanical signal from the bioelec-
tric signal.



10.

11.

12.

13.

14.
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An apparatus as claimed in any preceding claim
wherein the bioelectrical signal comprises at least
one of electrocardiogram signal, electroencephalo-
gram signal, electromyogram signal, electrooculo-
gram signal, electrogastrogram signal, and galvanic
skin potential and the biomechanical signal compris-
es at least one of ballistocardiogram signal, seismo-
cardiogram signal, and phonocardiogram signal.

An apparatus as claimed in any preceding claim
wherein the apparatus is arranged to be positioned
on the body of a subject.

An apparatus as claimed in preceding claim wherein
the first electrode comprises one or more disconti-
nuities.

Electronic circuitry comprising:

means for receiving a first input signal from a
sensing apparatus;

means for receiving a second input signal from
the sensing apparatus;

means for processing the first input signal and
the second input signal so as to enable a bio-
mechanical signal to be separated from a bioe-
lectrical signal;

wherein the means for processing the first input
signal and the second input signal is coupled to
a first output arranged to provide an output in-
dicative of the bioelectric signal coupled toa sec-
ond output arranged to provide an output indic-
ative of the biomechanical signal.

Electronic circuitry as claimed in claim 9 wherein the
electronic circuit is arranged so that the first input
signal is received from a first electrode of the sensing
apparatus.

Electronic circuitry as claimed in claim 10 wherein
the means for receiving a first input signal is coupled
to a non-inverting amplifier.

Electronic circuitry as claimed in any of claims 9 to
11 wherein the electronic circuit is arranged so that
the second input signal is received from a second
electrode of the sensing apparatus, wherein the sec-
ond electrode is coupled to the first electrode and
the electronic circuitry is arranged so that the second
electrode is biased to the voltage of the first elec-
trode.

Electronic circuitry as claimed in any of claims 9 to
12 wherein the means for receiving a second input
signal is coupled to a charge amplifier.

Electronic circuitry as claimed in claim 13, when de-
pendent on claim 11 wherein the output of the non-
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inverting amplifier is provided as a reference input
to the charge amplifier.

15. A system comprising an apparatus as claimed in any

of claims 1 to 8 and electronic circuitry as claimed in
any of claims 9 to 14.
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