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Description

[0001] The present invention relates to electrodes for
sensing electrical signals from human or animal tissue.
Such electrodes are typically used as biomedical sensors
for sensing electrical parameters from the human or an-
imal body.
[0002] The global biomedical electrode market is sub-
stantial and the market for biosensors is several times
bigger. Both dry and wet or gel-based electrodes tend to
suffer from significant signal quality degradation from me-
chanical motion artefacts (noise) arising from, for exam-
ple, relative motion between the electrode surface and
the skin to which they are applied. Dry electrodes are
more susceptible to this noise, which is disadvantageous
since dry electrodes are often more convenient to use
and are generally preferred for a number of applications.
This is particularly the case where long-term electrode
use is required, for extended durations of continuous
monitoring, or where a user or non-specialist may be re-
quired to apply the electrodes, for example outside clin-
ical and laboratory environments. Wet gel electrodes
tend to be less suitable for extended monitoring as the
gel dries out and the electrodes can no longer function.
[0003] Electrodes are widely used for applications
such as electrocardiogram (ECG) recording, and the me-
chanical interaction between electrode and skin is known
to give rise to motion artefacts which can significantly
contaminate an ECG signal. In Pengjun Xu et al, "Meas-
urement of wearable electrode and skin mechanical in-
teraction using displacement and pressure sensors",
2011 4th International Conference on Biomedical Engi-
neering and Informatics. an electrode assembly was de-
scribed in which an ECG electrode, a pressure sensor
and an optical displacement sensor were mounted to-
gether to create a wearable electrode assembly. The
electrode has a hole at the centre to allow laser light to
pass through from the optical displacement sensor and
electrode-skin relative displacement is monitored there-
by. The pressure sensor measured electrode-skin con-
tact pressure. The effects of electrode-skin contact pres-
sure and electrode-skin motion on ECG were studied.
[0004] It is an object of the invention to provide a bio-
sensing electrode which enables reduction of motion ar-
tefact in an electrical signal output of the electrode.
[0005] According to one aspect, the present invention
provides a dual modality sensor as defined in claim 1.
[0006] The electrode may comprise an electrically con-
ductive layer defining a diaphragm of the mechanical
sensor. The mechanical sensor may be configured to
produce an electrical output as a function of displacement
of the diaphragm out of the plane of the diaphragm at
rest. The mechanical sensor may be configured to pro-
duce an electrical output as a function of a compression
wave passing through the electrode. The mechanical
sensor may comprise a vibration sensor, a microphone
or a piezoelectric transducer. The diaphragm may further
include an electrically insulating layer disposed between

the electrically conductive layer and the mechanical sen-
sor. The mechanical sensor may comprise a transducer
and an electrically insulating layer disposed between the
transducer and the tissue-contact electrode. The elec-
trode may comprise a cutaneous electrode. The elec-
trode may comprise conductive bio-compatible material.
The mechanical sensor may be disposed on a carrier
configured to retain the electrode in contact with a user’s
tissue. The carrier may be configured to engage the first
surface of the electrode to the user’s skin.
[0007] According to another aspect, the invention pro-
vides a method of reducing noise in a bioelectrical signal
from a tissue-contact electrode comprising:

providing a dual modality sensor as defined above;
disposing a first surface of the electrode against a
user’s tissue to receive a bioelectrical signal there-
from;
receiving, from the mechanical sensor, a movement
signal indicative of mechanical displacement of the
electrode;
using the movement signal to attenuate or remove
motion artefact from the bioelectrical signal.

[0008] According to another aspect, the present inven-
tion provides a method of enhanced physiological sens-
ing using a tissue-contact electrode comprising:

providing a dual modality sensor as defined above;
disposing a first surface of the electrode against a
user’s tissue to receive a bioelectrical signal there-
from;
receiving, from the mechanical sensor, a movement
signal indicative of mechanical displacement of the
electrode;
combining the bioelectrical signal and the movement
signal to determine a physical property of the user.

[0009] Embodiments of the present invention will now
be described by way of example and with reference to
the accompanying drawings in which:

Figure 1 shows a schematic cross-sectional view of
a dual modality sensor with an electrode and an over-
lying mechanical sensor,
Figure 2 shows graphically sensor outputs from the
electrode and mechanical sensor of the dual modal-
ity sensor of figure 1, illustrating that the mechanical
sensor output correlates well with motion artefact
found in the electrode EEG signal, and can be used
to de-noise the EEG signal:
Figure 3 shows graphically sensor outputs from the
electrode and mechanical sensor of the dual modal-
ity sensor of figure 1, illustrating that pulse arrival
time, heart rate variability and breathing rate can be
obtained; and
Figure 4 shows a schematic cross-sectional view of
a dual modality sensor with an electrode and an over-
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lying mechanical sensor, not forming part of the in-
vention.

[0010] The illustrative embodiment of figure 1 shows
a sensor that is configured to enable recording of elec-
trical and mechanical activity simultaneously. This may
be described as a dual modality, or multimodality, sensor.
In particular, the electrical and mechanical activity are
sensed from exactly the same location on a user’s body,
i.e, the sensors are co-located.
[0011] With reference to figure 1, a dual modality sen-
sor 1 comprises a housing 2 defining an acoustic cham-
ber 3 bounded at one end by a membrane 4 and at the
other end by a diaphragm 5. The membrane 4 preferably
has low or negligible inertia. The diaphragm 5 is disposed
adjacent to, on, or forms part of, an internal wall 6 having
an aperture 7 therein. The diaphragm 5 comprises an
electrically conductive electrode 9 and an electrically in-
sulating layer 8. The electrically conductive electrode 9
defines a first surface 9a which is exposed for contact
with a user and a second surface 9b by which it is coupled
to the electrically insulating layer. The insulating layer 8
could be omitted if the housing 2 and/or the internal wall
6 are electrically insulating.
[0012] The electrically conductive electrode 9 is con-
figured to be usable as a biosensing electrode, preferably
of low impedance. Throughout the present specification,
the expression "biosensing electrode" is intended to en-
compass both biomedical electrodes, as well as other
electrodes that can be attached to the human or animal
body but which are not necessarily used for strictly med-
ical purposes, e.g. for use as human-machine interfaces.
The electrode 9 provides an electrical output connection
10 which may be a direct wired connection, or may in-
clude integrated signal processing electronics, such as
a pre-amplifier, an amplifier, an analogue to digital con-
verter anchor a transmitter. The membrane 4, acoustic
chamber 3 and diaphragm 5 together form part of a me-
chanical sensor 11 having an electrical output 12 from a
transducer element, not shown, sensitive to vibration in
the membrane 4. The electrical output 12 may be a direct
connection to the transducer element output or may in-
clude integrated signal processing electronics, such as
a pre-amplifier, an amplifier, an analogue to digital con-
verter and/or a transmitter.
[0013] The electrode 9 may comprise a layer of elec-
trically conductive, flexible, polyurethane-based material
coated on the diaphragm 5. Other conductive materials
could be used.
[0014] In one arrangement, the mechanical sensor 11
comprises a condenser microphone. Other mechanical
sensors could be used, such as other types of micro-
phone, piezoelectric elements (transducers), accelerom-
eters etc.
[0015] One arrangement uses the casing of the micro-
phone as the housing 2 which serves as one of the elec-
trical connections for connection to a power supply and
is therefore coated with a spray-on insulator. Subse-

quently, the diaphragm 5 may be positioned on the mi-
crophone face with aperture 7, extending over the aper-
ture, and copper wire bonded thereto to provide an elec-
trical connection to the electrode 9. The electrode 9 pro-
vides a suitable contact surface which may be flat or
curved, or more generally profiled to conform to the shape
of the surface it is intended to be attached to.
[0016] As shown in figure 1, the sensor 1 is configured
to be disposed against a user’s skin surface 15, to oper-
ate as a cutaneous electrode. More generally, however,
the sensor may be a tissue-contact electrode configured
to be disposed against any suitable tissue structure on
or in the human or animal body from which electrical sig-
nals may usefully be sensed, i.e. including both internal
and external use.
[0017] Thus, in a general aspect, the sensor 1 is pref-
erably provided with a carrier suitable for attachment of
the sensor to the human or animal body to bring the elec-
trode into contact with a suitable tissue structure, and to
retain it in position. For a cutaneous electrode configu-
ration, this may be an adhesive patch structure to provide
adhesion to the user’s skin. Alternatively, the carrier
could be a wearable garment, belt, strap, bandage, cap
or any other carrier suitable for attachment to the body.
For an internal use sensor, the carrier may comprise a
guidewire, probe, catheter or other suitable structure for
introduction into the body.
[0018] The co-location of the electrical sensor (elec-
trode 9) and the mechanical sensor 11 can be achieved
by overlaying the two sensors, one on top of the other
as shown, so that the mechanical sensor senses dis-
placement through the electrode, In one arrangement as
shown in figure 1, the electrical and mechanical sensors
are coaxial and coextensive, i.e. with co-located central
axes and with the areal extent of both mechanical sensor
and electrode substantially the same. In another arrange-
ment, the mechanical sensor 11 could be somewhat
smaller in area than the electrode 9, i.e. sensing mechan-
ical displacement through only a portion of the electrode.
In this case, the axes could be somewhat offset. In an-
other arrangement, the mechanical sensor 11 could be
somewhat larger in area than the electrode 9.
[0019] In use, the sensor 1 is positioned with the elec-
trode surface 9a in contact with the requisite tissue struc-
ture. The electrode 9 may be a dry electrode or a wet gel
electrode, and may be positioned in contact with the tis-
sue with or without using a conductive paste, gel, wet or
other layer to enhance electrically conductivity to the skin.
The electrically conductive electrode receives electrical
signals from the tissue structure with respect to a suitable
reference, e.g. a second electrode which may be a ref-
erence electrode, a ground electrode or a second sens-
ing electrode. The second electrode could be part of an-
other dual modality sensor as described herein.
[0020] Any movement of the electrode surface 9a rel-
ative to the tissue, e.g. skin 15, or movement of the skin
underlying the electrode, will result in displacements, typ-
ically small, of the electrode 9 out of the plane it occupies

3 4 



EP 3 094 235 B1

4

5

10

15

20

25

30

35

40

45

50

55

when at rest, herein referred to as out-of-plane displace-
ment. Since the electrode forms part of the diaphragm
5. the out-of-plane displacements of electrode 9 neces-
sarily result in corresponding out-of-plane displacements
of the diaphragm 5. Such displacements are transmitted
acoustically to the membrane 4. The membrane 4 pref-
erably has sufficiently low or negligible inertia such that
it is insensitive to movement of the user’s whole body or
limbs but is sensitive to the local movement of the elec-
trode. The movement of membrane 4 is sensed by the
transducer element (not shown) of which it may be a part,
and electrical signals indicative of the mechanical dis-
placement are generated on electrical output 12, referred
to herein as movement signals indicative of mechanical
displacement of the electrode.
[0021] Similarly, any acoustic wave, i.e. a longitudinal
or compression wave, that is coupled from the tissue 15
into the electrode 9, is acoustically coupled to the me-
chanical sensor 11. In this respect, the compression
wave can be considered to impart a mechanical displace-
ment of the surface 9a of electrode 9 and the mechanical
sensor senses this mechanical displacement of the sur-
face 9a through the electrode.
[0022] Separate signal processing electronics and/or
software, provided on electrical output 12, can be used
to remove movement artefacts from the electrical signals
sensed by the electrode 9 provided on electrical output
10.
[0023] The sensor is suitable for recording a wide
range of electrical signals, such as electroencephalo-
gram (EEG), electrocardiogram (ECG), electromyogram
(EMG), etc, and a wide range of mechanical signals, such
as venous pulsation, respiration, speech, etc and can
also be used to derive additional biomedical parameters
like pulse and blood pressure. Thus, the sensor can re-
place several individual sensors, reducing clutter and
simplifying sensor attachment, and enabling key appli-
cations in emerging sensing systems. The dual modality
sensor enhances the ability to record physiological elec-
trical and mechanical activity for vulnerable populations
for whom it is difficult to remain still during a recording
session, such as new-borns, infants and the elderly.
[0024] An important feature of the dual modality sensor
is the co-location of the sensing surfaces for both elec-
trical and mechanical activity. Providing a measure of
mechanical activity of the actual electrical sensing sur-
face has been found to provide a substantial improve-
ment in the ability to de-noise electrical signals sensed
by the electrode, i.e. to remove or substantially attenuate
motion artefact in the electrical signals.
[0025] The degradation of signal quality by motion ar-
tefacts is a well-known problem in biomedical sensing
such as: (i) EEG, the electrical recording of brain activity;
and (ii) ECG, the electrical recording of cardiac activity.
In particular, this is a major problem in EEG applications
where the signal of interest is typically much weaker than
artefacts caused by movement between the skin and
electrode. With recordings in controlled laboratory envi-

ronments, the subjects are routinely asked to remain as
still as possible. Even eye movement or blinking can
cause significant degradation of the EEG quality. Motion
artefacts can also arise from muscle activity or whole-
body or limb movement. The conventional way of dealing
with motion-induced artefacts is to detect their onset and
subsequently discard the contaminated part of the re-
cording. Although effective, this approach reduces the
size of datasets and introduces discontinuities in the da-
ta, resulting in potential loss of important information. In
scenarios where the motion artefacts do not have large
amplitudes, it can be difficult to distinguish the underlying
EEG, which can lead to incorrect analysis. While the lat-
est developments in electronics and the miniaturization
of battery technology have brought commercially avail-
able wearable EEG devices, the electrode technology is
still lagging, with motion artefacts remaining a significant
obstacle.
[0026] A partial solution to head movement artefacts
in EEG recordings already proposed detects movement
with a tri-axial accelerometer. Ideally for EEG enhance-
ment, only local electrode movements with respect to the
skin should be used. This may not be the case for an
accelerometer, which also picks up head and whole body
movements as opposed to only the motion of individual
electrodes, compromising accuracy.
[0027] The sensor as described in this specification
provides an electrode with an embedded mechanical
sensor which picks up motion of the electrode relative to
the user’s body, e.g. out-of-plane displacements of the
electrode along the skin-sensor interface. The output 12
of the mechanical sensor is completely electrically de-
coupled from the electrical output 10 of the electrode 9
and makes it possible to remove the displacement arte-
fact from the electrical signal.
[0028] Preliminary results using the sensor configura-
tion described herein indicate that motion artefacts can
be removed from the electrical recording, via routine sig-
nal processing methods, to obtain a clean EEG signal
and promise high quality continuous EEG recordings in
natural environments, offering an improvement over ac-
celerometer-based systems.
[0029] Figure 2 illustrates the performance of the dual
modality sensor and demonstrates the possibility of de-
noising an electrical signal from the electrode. Figure 2a
shows an EEG recording using the electrode 9, in which
the trace 20 shows the electrical signal from the sensor
1, i.e. the raw EEG, which is subject to motion artefacts.
Trace 21 shows the corresponding waveform of the clean
(desired) EEG signal without such motion artefacts. Fig-
ure 2b shows trace 22 which is the error signal, i.e. the
difference between the raw (noisy) EEG and the desired
(dean) EEG. Figure 2c shows trace 23 which is the output
signal 12 from the mechanical sensor 11. There is a high
degree of correlation between the mechanical sensor
output signal 23 and the error signal 22. Figure 2d shows
an enlarged view of the noisy EEG (trace 20) and the
desired EEG (trace 21). Figure 2e shows an enhanced
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(de-noised) EEG signal 24 based on electrode output
trace 20 but using the output 12 of the mechanical sensor
11 to remove motion artefact, compare with the desired
(clean) EEG signal 21.
[0030] The EEG signal 20 was recorded with a sensor
1 placed on the user’s forehead. The clean EEG signal
21 was obtained by placing four standard electrodes
around the sensor 1 at equal distances of 3 cm from the
sensor 1 and obtaining the averaged waveform.
[0031] By integrating multiple modalities into a single
unit the sensor 1 is easier to use and less cumbersome
or obtrusive. The mechanical sensor 11 has the body to
which it is attached as a frame of reference which ensures
high sensitivity to local mechanical activity, particularly
to mechanical activity at the sensor-skin interface, while
reducing sensitivity to whole body movements. The dual
modality sensor 1 is suitable for integration with wearable
sensing technology, and has small size, low weight and
power. Through use of the multimodal sensor and use
of signal processing, the electrode enables improvement
in signal quality.
[0032] The dual modality sensor 1 may also be de-
ployed for other uses. At present, local mechanical vein
pulsations induced by cardiac activity are measured us-
ing pulse oximetry (PPG) sensors based on modulations
in skin-absorbed light. Compared to ECG, which requires
two electrodes to be placed at distant positions on the
body (at different sides of the heart), e.g. on the left and
right arms, a single unit placed at one location is sufficient
to monitor PPG. It has been found that the mechanical
sensor 11 described above within the dual modality sen-
sor 1 is able to record cardiac pulsations and may be
considerably less sensitive to motion artefacts than PPG
sensors. It can also be smaller and require less power.
[0033] Combining the recordings of electrical (ECG)
and mechanical (PPG) attributes of cardiac function can
provide new insights and enhanced physiological sens-
ing, helping diagnose and monitor health-related condi-
tions. Pulse arrival time (PAT) - the lag between ECG R-
peak and PPG peak - is related to blood pressure as well
as general health of the cardiovascular system. The dis-
tance between the adjacent PPG peaks can be used as
a good proxy for heart rate variability, and has direct us-
age in the diagnosis of stress, fatigue and other aspects
of autonomic cardiac function. Thus, the dual modality
sensors described herein can be used to establish the
above properties of cardiac function (PAT) in an en-
hanced physiological sensing technique.
[0034] Figure 3 illustrates results for multi-modal diag-
nosis using the sensor 1. Figure 3a shows the electrode
9 electrical output 10 as ECG trace 30 and the mechan-
ical sensor 11 output 12 as trace 31 indicating venous
pulsation. Pulse arrival time (PAT) 32 can be derived
using both modalities by calculating a time difference be-
tween respective pulses in the electrode signal 30 and
the mechanical sensor signal 31. and is indicative of the
blood pressure and general health of the cardiovascular
system. Heart rate variability 33 can be calculated from

either or both the electrode signal 30 and the mechanical
sensor signal 31. Improved accuracy may be available
using both signals 30, 31 which enhances physiological
sensing. Figure 3b illustrates that heart rate variability
(HRV), pulse rate and breathing can be derived from the
sensor’s electrode signal 30, from the mechanical sensor
signal 31, or from both providing greater accuracy and
thus enhanced physiological sensing. The breathing sig-
nal 34 is obtained from modulation in the signals 30 and
/ or 31, For the physiological parameters HRV, pulse rate
and breathing, the sensor uses a single location on the
subject’s body as opposed to at least two for ECG, there-
by enabling easier data collection and potentially greater
accuracy.
[0035] Thus, in a general aspect, such as particularly
exemplified by figure 2, it can be seen that combining the
electrode sensed data and the mechanical sensor data
facilitates a method of reducing noise in a bioelectrical
signal (such as EEG, or heart rate) from a single, or sev-
eral, tissue-contact electrodes disposed against a user’s
tissue by combining the bioelectrical signal and the
movement signal, e.g. by weighted averaging, to deter-
mine a physical property of the user such as brain func-
tion, heart rate, or heart rate variability,
[0036] In another general aspect, such as particularly
exemplified by figure 3, it can be seen that the dual mo-
dality sensor facilitates a method of enhanced physio-
logical sensing from a single tissue-contact electrode dis-
posed against a user’s tissue by combining the bioelec-
trical signal and the movement signal to determine with
enhanced accuracy a physical property of the user such
as heart rate, heart rate variability, respiration or blood
pressure.
[0037] The sensor described herein can be manufac-
tured to be no bigger or heavier than a standard biomed-
ical electrode. It can be manufactured to be unobtrusive,
cheap and disposable.
[0038] Although the sensors described herein have an
acoustic chamber 3 coupling the electrode 9 / diaphragm
5 to a transducer membrane 4, the sensor could be man-
ufactured with the electrode 9 disposed directly onto a
transducer surface of the mechanical sensing compo-
nent, without an acoustic chamber, dependent on sensi-
tivity requirements and structural compatibility.
[0039] In general, any mechanical sensor can be used
which is capable of sensing an out-of-plane vibration or
oscillation in the electrode (i.e. displacement out of the
plane of the electrode at rest) or an acoustic compression
wave passing through the electrode which creates local-
ised out-of-plane vibration or oscillation in the electrode
surface.
[0040] A further example is shown in figure 4. Figure
4 shows a dual modality sensor 40 having an electrically
conductive electrode 9, an electrically insulating layer 8,
and a mechanical transducer element 41, which converts
mechanical energy to electrical energy. The electrically
conductive electrode defines a first surface 9a which is
exposed for contact with a user, e.g. the user’s skin 15
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as shown in figure 4. The transducer element 41 provides
the electrical output 12 of a mechanical sensor 11. The
mechanical sensor 11 may be said to comprise the trans-
ducer 41 and any coupling entity (e.g. insulating layer 8)
to the electrode 9 so that the mechanical sensor can
sense any mechanical displacement of the electrode sur-
face 9a through the electrode 9.
[0041] In the arrangement of figure 4, it can be seen
that the coupling entity (insulating layer 8) effectively sub-
stitutes for the acoustic chamber 3 of the arrangement
of figure 1. and ensures that any mechanical displace-
ment of the electrode 9 (e.g. compression wave therein)
is conveyed to the transducer element 41.
[0042] In the embodiments described, the electrode is
preferably a low impedance electrode. The electrode ma-
terial can be any conductive, bio-compatible material. An
example could be a silver chloride electrode. Another
example could be an electrode formed using a sintered
powder material. The sintered powder material could be
disposed onto a substrate such as copper.
[0043] Although the sensors described have dual mo-
dality, in providing both electrical sensing and mechani-
cal sensing, the sensors can be adapted to include more
than two modalities by inclusion of further types of sensor
or transducer, integrated into the same housing or onto
the same carrier, capable of sensing of further different
physical parameters, e.g. accelerometers, temperature,
pressure, optical sensors etc.
[0044] In a general aspect, obtaining an output from
the dual modality sensor described herein may require
the use of a second sensor as an appropriate reference.
An output reflecting electrical activity at the sensor-tissue
interface can be obtained by determining relative sensing
differences between the electrode surfaces of two such
dual modality sensors, or one such dual modality sensor
and a standard electrode. Multiple such dual modality
sensors (or multi-modality sensors) as described herein
can be used simultaneously for collocated sensing at
multiple points in or on the body. The dual modality sen-
sors (or multi-modality sensors) as described herein can
also be used as single modality sensors i.e. using only
one of the outputs, for any particular application, e.g.
where only a single modality is required at a particular
point For example, this could be in an array of single
modality, dual modality or multi-modality sensors distrib-
uted across a user’s body.
[0045] Applications can include making robust electri-
cal recordings for a diverse range of clinical applications
such as monitoring epilepsy events, characterising sleep
disorders etc, and for a diverse range of clinical or non-
clinical applications such as brain-computer interfaces,
e.g. enabling communication pathways for the physically
disabled and next-generation gaming.
[0046] Other embodiments are intentionally within the
scope of the accompanying claims.

Claims

1. A dual modality sensor (1) comprising:

a tissue-contact electrode (9) having a first sur-
face (9a) configured for receiving an electrical
signal from a user’s tissue when attached there-
to; and
a mechanical sensor (11) overlying the tissue-
contact electrode and configured to sense a me-
chanical displacement of the first surface
through the electrode (9), the mechanical sen-
sor comprising an acoustic chamber (3) being
bounded by a diaphragm (5) on which the tissue-
contact electrode is formed,
wherein the diaphragm comprises a first wall of
the acoustic chamber, the chamber having a
second wall defined by a resilient membrane,
the chamber providing acoustic coupling be-
tween the diaphragm and the resilient mem-
brane such that the mechanical displacement of
the first surface through the electrode is trans-
mitted acoustically via the diaphragm to the re-
silient membrane for sensing by a transducer
element, and
wherein the tissue-contact electrode (9) and the
mechanical sensor (11) are electrically decou-
pled.

2. The sensor of claim 1 in which the electrode (9) com-
prises an electrically conductive layer defining the
diaphragm (5) of the mechanical sensor (11).

3. The sensor of claim 2 in which the mechanical sensor
(11) is configured to produce an electrical output as
a function of displacement of the diaphragm (5) out
of the plane of the diaphragm at rest.

4. The sensor of claim 1 in which the mechanical sensor
(11) is configured to produce an electrical output as
a function of a compression wave passing through
the electrode (9).

5. The sensor of claim 1 in which the mechanical sensor
comprises a condenser microphone.

6. The sensor of claim 2 in which the diaphragm further
includes an electrically insulating layer disposed be-
tween the electrically conductive layer and the me-
chanical sensor.

7. The sensor of claim 1 in which the mechanical sensor
comprises a transducer and an electrically insulating
layer disposed between the transducer and the tis-
sue-contact electrode.

8. The sensor of claim 1 in which the electrode (9) com-
prises a cutaneous electrode.
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9. The sensor of claim 1 in which the electrode (9) com-
prises conductive bio-compatible material.

10. The sensor of claim 1 in which the mechanical sensor
(11) is disposed on a carrier configured to retain the
electrode (9) in contact with a user’s tissue (15).

11. The sensor of claim 10 in which the carrier is config-
ured to engage the first surface (9a) of the electrode
to the user’s skin (15).

12. A method of reducing noise in a bioelectrical signal
from a tissue-contact electrode comprising:

providing a dual modality sensor according to
any one of claims 1 to 11;
disposing a first surface of the electrode against
the user’s tissue to receive a bioelectrical signal
therefrom;
receiving, from the mechanical sensor, a move-
ment signal indicative of mechanical displace-
ment of the electrode;
using the movement signal to attenuate or re-
move motion artefact from the bioelectrical sig-
nal.

13. A method of enhanced physiological sensing using
a tissue-contact electrode comprising:

providing a dual modality sensor according to
any one of claims 1 to 11;
disposing a first surface of the electrode against
the user’s tissue to receive a bioelectrical signal
therefrom;
receiving, from the mechanical sensor, a move-
ment signal indicative of mechanical displace-
ment of the electrode; and
combining the bioelectrical signal and the move-
ment signal to determine a physical property of
the user.

Patentansprüche

1. Ein Dual-Modalitäts-Sensor (1), umfassend:

eine Gewebekontaktelektrode (9) mit einer ers-
ten Oberfläche (9a), die zum Empfangen eines
elektrischen Signals von dem Gewebe eines
Benutzers konfiguriert ist, wenn sie daran ange-
bracht ist; und
einen mechanischen Sensor (11), der über der
Gewebekontaktelektrode liegt und so konfigu-
riert ist, dass er eine mechanische Verschie-
bung der ersten Oberfläche durch die Elektrode
(9) erfasst, wobei der mechanische Sensor eine
akustische Kammer (3) umfasst, die durch eine
Membran (5) begrenzt ist, auf der die Gewebe-

kontaktelektrode ausgebildet ist, wobei die
Membran eine erste Wand der akustischen
Kammer umfasst, wobei die Kammer eine zwei-
te Wand aufweist, die durch eine elastische
Membran definiert ist, wobei die Kammer eine
akustische Kopplung zwischen der Membran
und der elastischen Membran bereitstellt, so
dass die mechanische Verschiebung der ersten
Oberfläche durch die Elektrode akustisch über
die Membran auf die elastische Membran über-
tragen wird, um von einem Wandlerelement er-
fasst zu werden, und wobei die Gewebekontak-
telektrode (9) und der mechanische Sensor (11)
elektrisch entkoppelt sind.

2. Sensor nach Anspruch 1, wobei die Elektrode (9)
eine elektrisch leitende Schicht umfasst, die die
Membran (5) des mechanischen Sensors (11) defi-
niert.

3. Sensor nach Anspruch 2, wobei der mechanische
Sensor (11) so konfiguriert ist, dass er ein elektri-
sches Ausgangssignal in Abhängigkeit von der Ver-
schiebung der Membran (5) gegenüber der Ebene
der ruhenden Membran erzeugt.

4. Sensor nach Anspruch 1, wobei der mechanische
Sensor (11) so konfiguriert ist, dass er ein elektri-
sches Ausgangssignal in Abhängigkeit von einer
durch die Elektrode (9) hindurchtretenden Kompres-
sionswelle erzeugt.

5. Sensor nach Anspruch 1, wobei der mechanische
Sensor ein Kondensatormikrofon umfasst.

6. Sensor nach Anspruch 2, wobei die Membran au-
ßerdem eine elektrisch isolierende Schicht enthält,
die zwischen der elektrisch leitenden Schicht und
dem mechanischen Sensor angeordnet ist.

7. Sensor nach Anspruch 1, wobei der mechanische
Sensor einen Wandler und eine elektrisch isolieren-
de Schicht, die zwischen dem Wandler und der Ge-
webekontaktelektrode angeordnet ist, umfasst.

8. Sensor nach Anspruch 1, wobei die Elektrode (9)
aus einer kutanen Elektrode besteht.

9. Sensor nach Anspruch 1, wobei die Elektrode (9)
aus einem leitfähigen, biokompatiblen Material be-
steht.

10. Sensor nach Anspruch 1, wobei der mechanische
Sensor (11) auf einem Träger angeordnet ist, der so
konfiguriert ist, dass er die Elektrode (9) in Kontakt
mit dem Gewebe des Benutzers (15) hält.

11. Sensor nach Anspruch 10, wobei der Träger so kon-
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figuriert ist, dass die erste Oberfläche (9a) der Elek-
trode mit der Haut des Benutzers (15) in Eingriff
kommt.

12. Verfahren zur Reduzierung des Rauschens in einem
bioelektrischen Signal von einer Gewebekontakte-
lektrode, Folgendes umfassend:

Bereitstellen eines Dual-Modalitäts-Sensors
nach einem der Ansprüche 1 bis 11;
Anbringen einer ersten Oberfläche der Elektro-
de am Gewebe des Benutzers, um von dort ein
bioelektrisches Signal zu empfangen;
Empfangen eines Bewegungssignals vom me-
chanischen Sensor, das eine mechanische Ver-
schiebung der Elektrode anzeigt;
Verwenden des Bewegungssignals zum Dämp-
fen oder Entfernen von Bewegungsartefakten
aus dem bioelektrischen Signal.

13. Verfahren zur verbesserten physiologischen Abtas-
tung unter Verwendung einer Gewebekontaktelekt-
rode, Folgendes umfassend:

Bereitstellen eines Dual-Modalitäts-Sensors
nach einem der Ansprüche 1 bis 11;
Anbringen einer ersten Oberfläche der Elektro-
de am Gewebe des Benutzers, um von dort ein
bioelektrisches Signal zu empfangen;
Empfang eines Bewegungssignals vom mecha-
nischen Sensor, das eine mechanische Ver-
schiebung der Elektrode anzeigt; und
Kombinieren des bioelektrischen Signals und
des Bewegungssignals zur Bestimmung einer
physischen Eigenschaft des Benutzers.

Revendications

1. Capteur à double modalité (1) comprenant :

une électrode de contact tissulaire (9) pourvue
d’une première surface (9a) conçue pour rece-
voir un signal électrique en provenance d’un tis-
su d’un utilisateur lorsqu’elle y est attachée ; et
un capteur mécanique (11) recouvrant l’électro-
de de contact tissulaire et conçu pour détecter
un déplacement mécanique de la première sur-
face à travers l’électrode (9), le capteur méca-
nique comprenant une chambre acoustique (3)
délimitée par un diaphragme (5) sur lequel
l’électrode de contact tissulaire est formée,
dans lequel le diaphragme comprend une pre-
mière paroi de la chambre acoustique, la cham-
bre étant pourvue d’une seconde paroi définie
par une membrane élastique, la chambre four-
nissant un couplage acoustique entre le
diaphragme et la membrane élastique de telle

sorte que le déplacement mécanique de la pre-
mière surface à travers l’électrode est transmis
acoustiquement par l’intermédiaire du diaphrag-
me à la membrane élastique pour être détectée
par un élément transducteur, et
dans lequel l’électrode de contact tissulaire (9)
et le capteur mécanique (11) sont électrique-
ment découplés.

2. Capteur selon la revendication 1 dans lequel l’élec-
trode (9) comprend une couche électriquement con-
ductrice définissant le diaphragme (5) du capteur
mécanique (11).

3. Capteur selon la revendication 2 dans lequel le cap-
teur mécanique (11) est conçu pour produire une
sortie électrique en fonction du déplacement du
diaphragme (5) hors du plan du diaphragme au re-
pos.

4. Capteur selon la revendication 1 dans lequel le cap-
teur mécanique (11) est conçu pour produire une
sortie électrique en fonction d’une onde de compres-
sion traversant l’électrode (9).

5. Capteur selon la revendication 1 dans lequel le cap-
teur mécanique comprend un microphone à conden-
sateur.

6. Capteur selon la revendication 2 dans lequel le
diaphragme comprend en outre une couche électri-
quement isolante disposée entre la couche électri-
quement conductrice et le capteur mécanique.

7. Capteur selon la revendication 1 dans lequel le cap-
teur mécanique comprend un transducteur et une
couche électriquement isolante disposée entre le
transducteur et l’électrode de contact tissulaire.

8. Capteur selon la revendication 1 dans lequel l’élec-
trode (9) comprend une électrode cutanée.

9. Capteur selon la revendication 1 dans lequel l’élec-
trode (9) comprend un matériau biocompatible con-
ducteur.

10. Capteur selon la revendication 1 dans lequel le cap-
teur mécanique (11) est disposé sur un support con-
çu pour retenir l’électrode (9) en contact avec un
tissu d’un utilisateur (15).

11. Capteur selon la revendication 10 dans lequel le sup-
port est conçu pour venir en prise avec la première
surface (9a) de l’électrode sur la peau de l’utilisateur
(15).

12. Procédé de réduction du bruit dans un signal bioé-
lectrique en provenance d’une électrode de contact
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tissulaire, comprenant :

la fourniture d’un capteur à double modalité se-
lon l’une quelconque des revendications 1 à 11 ;
la disposition d’une première surface de l’élec-
trode contre le tissu de l’utilisateur pour en re-
cevoir un signal bioélectrique ;
la réception, en provenance du capteur méca-
nique, d’un signal de mouvement indiquant un
déplacement mécanique de l’électrode ;
l’utilisation du signal de mouvement pour atté-
nuer ou supprimer un artefact de mouvement
en provenance du signal bioélectrique.

13. Procédé de détection physiologique améliorée à
l’aide d’une électrode de contact tissulaire
comprenant :

la fourniture d’un capteur à double modalité se-
lon l’une quelconque des revendications 1 à 11 ;
la disposition d’une première surface de l’élec-
trode contre le tissu de l’utilisateur pour en re-
cevoir un signal bioélectrique ;
la réception, en provenance du capteur méca-
nique, d’un signal de mouvement indiquant un
déplacement mécanique de l’électrode ; et
la combinaison du signal bioélectrique et du si-
gnal de mouvement pour déterminer une pro-
priété physique de l’utilisateur.
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