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BIOSENSING ELECTRODES

The prasent hvention relates to slectrodes for sensing electrical signals from human of
srimal tesus,  Such slechrodes arg typlcally used as blomedival sensors for sensing
slachicsl paramsters Fom the human o animal bogdy,

The global blomedica!l elesirade market is substantial and the markst for biosensars is
soveral mes bigger. Both dry and wet or gebbased elsotrades tend o suffer o
significant signal qualty degradation from meachanical mobion arefacts {noise} arsing
from, Tor exampie, relative molion belwesn o electrods surface and thy skin o which
they are applied. Dy slechrodes are more susceptide o this noise, which &
disadvantagsous sinos dry slectrodes are offen more convenient 1o use and ars gensrally
preferred for a number of applicatipns. This s particudarly the case where Jonglenn
slaciods use iy requirsd, for sxlended durations of continuous monitoring, orwhere s user
& norapesialist may be required 1o apply the electrades, for exaniple putside olinical and
laboratory snvironmants, Wet gel slectrodes tend 10 be fess sultable for estended
monitodng as the geldriss out and the electrodes can no longer funation.

Electrodes are widely used for applications such as slechrocardivgram (ECG) recording,
and the mechanical inferaction babtween slectrode and shin s known togive rise o motion
artefacis whith can signficantly sonfaminale an BCG signal.  In Peoglun Xu et af
"Measuramant of wearable slectrode and skin mechanical interaction using displacement
and pressune sensars”, 2011 Sth International Conferance oy Biomedical Enginesring and
Informatics, an slectrode assembly was described in which an BECG slectrode, @ pressurs
sensor and an optinal displacemeant sensor were mounted ogether to create & wearabls
sigalrode assembly. The slectrode has 8 hole at the oenive fo allow laser light 10 pass
through from the optivs! displacement sensor and slectrode-skin relative displacement s
raarstarad theraby. The pressurs sensor measured sleclrade-skin contact pressire. The
affsoty of slectrode-skin contact pressurs and electrode-skin motion on BUG were studied.

i {8 an objset of the invention to provide a blosensing slectrode which anables reduction
of motion artefact in an shecttiost signal output of the electrods,

According  one aspect, the presest wvention provides g dust modalty sensor
somprising:
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& Ussus-contact alectrade having a first surfece configured for receiving an
stectical signal frony 8 usser’s fissue when aftached thersto; and

& machanics! sensor overying the cutansous elecirads and configured fo sense &
meachanios! displacement of the first surface through the electrods.

The slectrode may comprise an sleclrically conductive layer defining a8 diaphragm of the
machanical sansor. The mechanical sensor may be configured o produce an sleatriost
output 85 8 function of displacement of the Glapheagm out of the planeg of the diaphragm
af rest. The mschanical sensor may be configurad to produce an slectrical output as g
funclion of g compression wave passing through the slectrade. The diaphragm of the
mechanical sensor may comprise 2 first wall of a chamber, the chamber having a sscord
wall defined by a resiient membrane, the chamber providing scoustic coupding hetwesn
the diaphrsgm and the resifient membrane. The mechanicsl m%xssr may sompriss |
wibration sensar, 8 microphone or a plegeshectrie transducer. The diaphragm may futthey
include an electrically insuwiating layer dispoaed helween the slsciically conductive layer
and the mechanical senser, The mechanical sensor may comprise & ransducer and an
slectically insulating layer disposed belwesn the transducer and the fssue-comtacd
slectrode, The slectrode may somprise 8 culapsous slectrode.  The slectrode may
comprise conductive bio-compatible material. The mechanical sensor may be disposed
oy & carrier configured to relain the sledrode iy contact with & user's Hastie. The carrier

may be configurad {o engage the first surface of the slectrode fo the user's skin

According fo snother aspect, the nvendion provides a msthod of reducing nolss i g
hivelectrical signal from & tissus-contact slectrode comprising:

providing s dual modality sensor as defined shove

disposing & sl surface of the slecirode against a user's Hesue o receive a
Hoslecttion! signal therefrony;

resetving, from the mechanical s&méc&n a movament signal indicative of mechanics!
displacement of the electrode;

using the movement signal to attenuate or ramove motion arlefact from the
bioedectrical signal.

According to ancther aspest, the present invention provides s method of enhanoed
phystological sensing using 3 tssus~-contast slactrode somprising:
providing & dust modality sensor as defined sbove;
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disposing & first sweface of the slectrode sgainst & user's Hssue fo recelve a
NMoslectrical signad therefrony,

raceiving, from the mschanical seneg, g movernent signsl indicathe of mechanical
Sispiacement of the electrode:

combirdng the bioslectrical signal and the movement signad fo determine a physicsl
property of the user,

Embodimeants of the present invention will now be descnbed by way of sxample and with
referencs {o the accompanying drawings in which:

Figure 1 shows a schamatic cross-sectional visw of 2 dual modality sensar with an
slectrode and an overlving mechanical ssnsor

Figure 2 shows graphically sensor culpuls ram the dectrode and mechanioal
sensor of the dusl madality sensor of figure 1, Hlusinating that the mechanioal sensor oudpud
carrslates well with motion arlefadt found in the slsctrode BEEG signal, and canbe peed to
de-hoise the BEELG signal

Figurg 3 shows graphicslly sensor cutpuls from the slectrods and mechanical
sansar of the dual modality sensor of figure 1, Hustrating that pulss arrbval time, hewt rate
yarighiity and bregthing rale can be oblained, and

Figure 4 shows a schematic sross-sectional view of a dual modality sensor with an
slectrode and an overlying mechanical sensor.

The tlusirative embodiment of figure 1 shows 2 sensor that s configred to enable
racording of slectrical and mechanical acthafy simullansously. This may be describead as
g dual modalite, or multimodality, sensor. in partioular, the slectrinal and mechanios)
sctivity are sensed from exactly the sams location on & user's Mady, 1.e the sensors sre
so<ocated.

With reference fo figure 1, a dual madality sensor 1 comprises 8 housing 2 defining an
acoustic chamber 3 boundad at one end by ¢ memirans 4 and st the other end by 8
diaphragm & The membrang ¢4 praferably has low or negligible nertis, The diaphragm &
is disposed adjacent to, on, or fonmes partof, an internal wall 8 having an aperture 7 therein,
The diaphragm & comprises an slectrically conductive slectrode 8 and an slectrically
nsulating laver & The alscinically conductive alecirads 8 defines a fest surface B3 which
is exposed for contagd with 8 user angd a second surlacs 88 by which it is coupled o the
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alecirically wisidating laver. The insulaling layer 8 oould be omitted # the housing 2 andfor
the intermal wall 6 are slectrically insuiating.

The slectically conductive electrode © is configured fo be ussble as 8 bigsensing
sloctrade, prefoerably of bw impedance.  Throughout the prasent specification, the
gxprassion "biosensing slectrode” is intended fo encompass both bicmedical slectrodes,
as weall a8 other slechrodes that can be attached o the human or animal body but which
gre oot necessarily used for sinoty meadical purposes, 8.¢. oy use 8 human-maching
interfaces. The elechods 8 provides an electrival sulput connsction 10 which may be g
direst wired cannsolion, o may inchude infegrated sigas! processing oledironics, suchas
a pre~amplifier, an ampiifier, an analogue fo digitsl converter andior a transmifter. The
membrane 4, geoustic chamber 3 and diaphragm § logether form part of a mechanicsl
sensor 11 having an glectrical cutput 12 from a tra?nsducér slement, not shown, sensitive
1o wibration In the membrang 4 The slectrical output 12 may be a direct connsction fo the
ransducer slemeant culpwd, or may inclde ntegrated signal processing slectronics, such

as 8 pre-amplifier, an amphifier, an analogus to dightal converter andfor a ttansmitter,

The slectrode 8§ may comprise g layer of slectiically conductive, flexible, polyursthane-
based material costed on the diapbragm 5. Other conductive maternials could he usad,

i ane arcangamant, the mechanionl sensor 11 comprises a sondenser microphione, {Other
mechanical sensors could be used, such gs other types of microphone, plezoslsctric
plameants {ranasducers), accelerometers sic,

Oneg arrangement usses the casing of the microphone &8 the housing 2 which serves as
ane of the sivotrical commsolions for commection 10 a power supply and is therefors costed
with o sprayon sulster Subsequenily, the diaphragm 5 may be posttionsd on the
microphone face with aperiure 7, externding over the aperfure, and copper wire bonded
therato fo provide an slscirioal sontection {o the slectrode 8. The decirode 9 provides @
suitable contact surface which may be fat or curved, or more generally profiled o confort
to the shape of the suface # s intendad o be altached to.

As shown i figurs 1, the sensor 1 is configured 1 be daposed against 8 uger’s skin
swiface 15, to nperate 838 a8 culaneous slectrode. Mors geneally, however, the sehsor
may be n tssue-coniadt slectrode configurad (o be dispused against any suilable dssue
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structurs on of in the human of animal body from which slectricy signals may wsefully be
sanead, Lo, ncluding both internal and exdemal use,

Thus, I g general aspect, the sensor 1 s preferably provided with a carier sultable for
attachment of the ssasor © the human or animal bady o bring the slecirade into contast
with a suitable tissue structure, and to relain it o positian. For g cidansous slecirods
configuration, this may be an adhesive patch struclurs o provide adhssion to the user's
skin. Alternatively, the carrier could be a wearable garment, bell, strap, bandags, cap o
any ather carrer sultable for attachoent tothe body. Foran internst use sensor, the carder
may comprise g guldewirs, probe, oatheter or other sullable structure for infroduction into
tha bady.

The co-dooation of the slectrical sensor (slectrode 8} and the mechanical sensor 11 can be
achieved by prerlaying B v sensors, one o top of the other as shown, so that the
mechanical sensor senses displacemant through the elsclrods. It one arrangement as
shobury iy figure 1, the eléctrical and mechanical sensors are coaxial and cosxtensive, Le
with codocatead central axes and with {he areal sxtent of bolh mechamos! ssisor and
slectrode substantially the same. In another arrangeament, the mechanics! sensor 11 could
ba sormewhat smaller in area than the slectrode B, Le. sensing mischanioal displacement
frough oy 8 portion of the glectrode. I this cass, the sxes could be somewhat offset
i wnother arrangearmant, the mechanioal sensor 11 could be somaewhat lavger in area than

the slectrode 8.

irruse, the sensyy 1is positioned with the slectrode surface 53 in contact with the requisiia
Hesus sfruchire,. The electrode 8 may be a dry electrode or 2 wet gol slectiode, and may
be positionsd in contach with the tissue with orwithoul usihg & conductive paste, gsl, wet
or other laver {o enhancs sleckrivally conductivity to the skin. The glectiically conductive
slectrode receives slechricsl signals from the Hssue structure with respeadt 10 a suilable
refarence, 8.9, 2 sscomd elpctrads which may be a referancs glactrode, 3 ground slectiods
of & second sensing electrode. The second slectrode could be part of ancther digd

modality senagr as described hersin.

Any movarmant of the slactrode surface Sa ralalive to the tssus, 8.4, skin 15, ormovemend
of the skin underiying the glectrode, will resull in displacemeants, tygically small, of the
alectrode ¥ out of the plane & cccuples when at rast, hereln referred to a8 pul-olplane
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displacement,  Since the deplrads fonms part of the diaphragm 3. the cubobplane
displacements of slectrods 8 necessanly result in cotresponding  oubofplane
displacemants of the disphragm §. Such displscements are ransiitied scousticaly o the
membrane 4. The mambrane 4 preferably bas sufficiently low or negligitde hertla sugh
that it is nsensitive to movemant of the usar's whole body or imbs bt is sensitve o the
incal movemend of the electrode. The movement of membrang 4 s sensed by the
transducer slamant (not shown} of which it may be g part, and electrical signals indicative
of the mechanion! distiscement ate generastad o shecticat sudpid 12, seforred {o hereln
sy movemeant signals indicative of mechanical displacement of the slectrods,

Similarly, any sooustic wave, Le. 8 longitudingl or compression wave, thatis coupled frarm
the Hesue 18 into the electrods €, is acoustically coupled to the mechanicsl sensor 11 In
this respedt, the ocompression wave can be cogidersd © inpart 2 mechanical
dizptacement of the surface 88 of slectrode 8 and the mechanioal sensor senses this
rmischanical disgdacement of the surface Oa through the siectrods.

Separate signal proceysing elsclronios andior softwars, provided on slectrical culput 18,
can be used fo remove movement artefacts from the electdcal signals sensed by the
glectrode 8 provided on elecirical oufput 10,

The sensor ja suitable for recording g wide range of slectrival signals, such as
slectrosncephalogram (EEG), slectrocardingram (ECG), slectromyogram (EMG), slo, and
# wide range of mechanical signals, stch as verious pulsation, respirgtion, speech, sfc
and can alsp he used {o derive additional Momedical paramsters ke pulse and bload
pressure. Thus, the sensor can replace saveral individus! sénsors, redusing clulter and
simpitfying sensor afachment, and enabling key applicgtions in smerging sensing
systemis. The dual modality sensor anhances the abliity to record physiological slectrical
and mechanical activity for vuinerable populativns for whom it iz difficull to remaln st
during 8 recording session, such as new-borns, infants snd the elderly.

An important feature of the dual modality sensoris the so-location of the sensing surfaces
for both alectrical snd mechsnical activity. Providing a measure of mechanical sctivily of
the actual glectrical senaing surface has been found to provide 2 substantial improvement
inn the bty lo denolse slactrionl signals sansed by the slectrods, Le. to remove of
subsiantially attenusts motion artefact in the slectrical sighals.
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The degradation of signal guality by motion arlefacls s a well-known problem in blomedical
sensing such as {i) EEG, the electrical recording of brain activity; and {1} ECG, the
glectdcal recording of oardiac activity, v particdar, this s g major problem in EEG
applications whare the signal of inderest is typically much weaker than arlelfacts caused by
movement botween the skin and slectrode.  With recordings i controlied laboratory
smvironments, the subjects are oudinely asked o remain as still as possible. Even ays
movamant or bliinking oan cause significant degradation of the EEG guality.  Molion
artefacts can glse arge from muscle activity o whole-body or imb movement,.  The
conventional way of degling with motion-induced artefatts is to detect their onsst and
subsequently discard the confaminaled pad of the ecording,  Although sHactve, this
approach reduces the size of datazets and introduses discontinuiies in the data, resulling
it potential loss of important information. In scenarios whers the motion arfefacts do not
have large amplitudes, it oan be difficult to distinguish the wnderlving BEG, which can lead
o incorrect analysls. While the istest developmaents in slectironics and the miniaturization
of battery technolagy have bvought commercially avallable wearable EEG devices, the
stectrode technology is still lapging, with motion arfefncis remaining & signiticant obslads.

A partial solidion fo head movement ardefacty in EEG recordings slready propossd deteats
movement with o thaxial acoslorometer.  ldeally for EEG enhancemsnt, only local
eslacirode moverments with reaspect {o the skiy should be used. This may not be the case
for an aceelerometer, which also picks up bead and whole body movements as opposed
0 only the motion of individus! slectrodes, compramising accuracy.

The sensor gs descrbed in this specification provides an glecirode with an embedded
mechanical sensor which picks up motion of the sleclrads relative 1o the user's body, &g,
outofplans displacements of the siectrods along the skinsensor inderface. The sutpwt
12 of the mechanical sensor is completaly slectrivally decoupled from the slectrics! outpat
10 of the slsclrads 8 and makes § possible {6 reimove the displacement artefact from the
sleniricat signal,

Prefiminary tesulls using the sensor configuration desoribed herein indicate that motion
ariefaciy can be removed from the elsctrical recording, via routing signal provessing
methods, o oblain 8 olean EES signal and promise high gusdity continuous BEG
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recordings in natural snvironments, offering an inprovement over accelerometer-bagsd

systems.

Figure 2 Husirates the perfommance of the dust modalily senser and demonsirates the
possibility of denoising an slectrical signal from the alecirode. Figure 2a shows an EEG
recording using the electrode 8, i which the trage 20 shows the slectrical signal from the
sansor 1, Le. the raw EEG, which v subject to mcticsy arlefads. Trace 21 shows the
carrasponding waveform of the clean {desired) BEG signal without such mation artefaots.
Figure 2b shows trave 38 which s the error signgd, Le the difersnce hetwean the raw
{notey) EEG and the desired {clean) EEG. Figure 20 shows trace 23 which is the oudput
signal 12 from the mechanical sensor 11, There is @ bigh degres of corelation between
fhe mechanical sensor ouipud signat 23 and the sror signal 22, Figure 2d shows. an
anfarged view of the noisy EEQ {trace 20 and the desired BEG {trace 21). Figurs Je
shows an snhanced (de-nolsed) EEG signal 24 based on electrodds cutput race 30 but
using the oulput 12 of the mechanical sensor 11 to remove motion artefast, comparg with
the degived {dean) BEG signat 21,

The ERG signal 30 was recordad with 3 sensor 1 plaged onthe user's forghead. The clean
EEG signal 21 was oblsined by placing four standard elscirodas around the sensor 1 &
sgual distances of 3 om from the sensor 1 and ablaining the averagsd wavelonm,

By integrating mulliple modalities into & single unit the sansor 1 is sasfer to use and less
cumbersome or obirusive. The mechanical sensor 11 has the body to which # s attached
as & frame of reference which snsures high sensitivity to local mechanical activity,
particularly o mechanioal sctivity at the sensor-ekin interface, while raducing sensitivity o
whale body movements. The dual modality sensor 1 s suflable for infegration with
weagrable sensing technology, and has small sice, ow weight and power. Through use of
the multimodal sensor and use of signal processing, the slectrods enables improvement
in signal quality.

The dual modalty sensor 1 may alse be deployed for other uses. At present, local
machanical vein pulsations induced by cardiae activity are measured using pulss oximetry
{PRGY sensors bassd on modulations in skin-abeorbed fight. Comparsd to BECG, which
raquires two slectrades to be placsd at distant positions on the body (gt differant sides of
the hegrt), &g onthe laft and dght anms, g single unit placed at ong location s suffidlent
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{0 monitor PRG. I has been found that the mechanioal sensor 11 descoribed above within
the duat modality sensor 1 is sble to record cardiac pulsations and may be considerably
lose sansitive to motion artelacts than PPE ssnsors. Hcan also be smaller andd resihs

less power,

Combining the recordings of slectrical {(ECG) and mechanical (FPQ) atinibutes of cardise
funclion can provide new insighls and enhanced physiclogical sensing, helping diagnoss
and monitor healthrelated condifions. Pulse arrival ime (PAT) - the lag between BOB K-
peak and PPG peak ~ i3 related to blood pragsure as well as geoeral health of the
cardiovascular systerm. The distance between the adjacent FPG pegks san ba used as g
goud proxy for haar rate variability, and has dirsdt usages in the diagnosis of stress, fatigus
and other aspects of audonomic cardise funclion. Thus, the dual modality sensorg
dascribed hersin can be used o sstablish the abave properiies of cardige funplion {(FAT
in an snhanced physiclogical sensing technigus,

Fiowre 3 lustrates results for multbmodal diagnosie using the sensor 1. Figure 3a shows
the slectrode 9 slectrical cutput 10 as ECG trace 30 and the mechanical sensor 11 output
12 as frace 31 indicaling venous pulsation. Pulse arrival dme (PAT) 38 can be derived
using both modaliies by caleulating 2 fime difference betwesh respactive pulses in the
sledtrode signal 30 and the mechanical sensar gignal 31, and ls indicative of the blood
pressurs and gensral health of the cardiovascular system. Hearl rale vanahility 38 canbe
calouiated from either or both thy slechrode signal 30 and the wischanical sensor sighal
31, improved ascourscy may be avallgble using both signals 3¢, 31 which enhances
physiohgical sensing. Flgure 3b diustrales that heart rade variability (HRV), pulse rate and
braathing can be derlved from the sansor's slectrode signat 30, from the mechanical
sensor signal 31, or from both providing greater sccurasy and thus enhanced physiclogiosd
sensing. The breathing signal 34 is oblainad from madulation ih the signais 30 and for 31,
For the physiological parameters HRY, pulse rate and treathing, the sensor uses a singls
fooation on the subjest’'s body as opposed {o at least two for EGG, thershy enabling aaster
data collection and potentially greater acouracy.

Thus, In a general aspect, such ag partivudarly exemplified by figure 2, Toan be sean that
combining the alectrode sensed data and the mechanica! sensor data faciiitales a meathad
of reducing naise it g bioslectrical signal (such as BEG, or heal rale) from 2 singls, o
several, Ussus-contact slectrodas disposed against 3 user's Hissus by sombining the
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bivglectrical signal and the movement signal, &.g. by welghted averaging, 1o delermins a
physical property of the user such as brain Mnclion, heart rafe, or heart rale variahility,

in another gensral aspect, such as particudarly sxempiified by fgurs 3, # can be sesn that
the dual modslity sensor facifitates 3 msthod of enhanced physiological sensing ffonr s
single Hssue-contaot slectrpde disposed againgt a useds lissus by combining the
bioslectical signal and the movement signal 1o determing with enhanced scouracy a
physical property of the tser such as heart rate, hear rale variability, respiration or Mopd
pressure,

The sensor descnbed bersin oan be manufactursd to be no biggar or hesvier than a
standard blomedical dleclrode. I can be manufactursd o be wnobbusive, chisap and
disposatls,

Although the sensors desaribed hergin have an geoustic chamber 3 coupling the elecirads
&/ diaphragm 5 to a ansducer membrane 4, the sansor could be manufactursd with the
slectrade 8 disposad divgetly onlo a transducer surface of the mechanicsl sensing
sompornant, withowt an aooustic chamber, dependent oy sengithity reguirements and
structural compatibility.

I ganersl, any maghanionl aensor can be usad which b capalde of sensing an cubol
plane vibration or oscillation in the electrode (e displacement out of the plane of the
plectrode gt rest) or an acoustic compression wave pasaing through the electrods which
prestes lonalisad sut-obpiane vibnstion or oscillation in the sleclrods suface,

A furthey axample is shown i figure ¢, Figurs 4 shows g dusd modality sensor 40 having
an sleclrivally conductive slectrode 8, an alectivally insulaling ayer 8, and a mschanioad
transducer alsment 41, which converts mechanical anergy o electrical energy. The
glgciipally conductive slecirode defines a first sudace 8a which 15 expossd for contad
with & user, 2.0, the user's siin 18 ag shown iy figure 4. The fransducsy slement 414
provides the elacitical outpid 12 of & mechanival sensor 11, The maechanical sensor 11
may be said o comprise the transducer 41 and any coupling entity (8.9 insulating laysr §)
to the slectrode 3 so that the mechanical sensor can sense any mecharmica! displacemeant
of the slactrode surfave 9a through the electrade &

10
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I the arangement of figure 4, # can be ssern that the coupling entity dnsulating layer 8)
affectively substililes for the acoustic chamber 3 of the arrangement of figure 1, and
snsures that any mechanical displacameant of the eleclrade ¥ {e.g. compression wave
hersin) b conveyed o the ransducer slement 41,

in the enbodiments descoribed, the slectrads is preferably a jow impedances electrode. The
slecirads materisl can be any conductive, biv-compatible maletal. An sxample could be
2 siver ohipride slectrode. Angther example could be an elsstrode formad using a sintered
powder materisl, The sintersd powder material could be disposed onio & subsirate such
as sopper.

Although the sensors described have dual moedality, in providing both electrical sensing
and mechanical sensing, the sensors van be adapted to include more than two mndalities
by inclusion of futher types of sensor of ranasducer, integrated into the sare housing or
orte the same carrder, capable of sansing of further different physica! parameters, a4,
accsleromelers, temperaturs, wessure, aplical sensars sto.

i 8 general aspect, oblaining an oulpud from the dual modality sensor described herein
may require the use of a second sensor as an appropriate referance, An output reflecting
alectrical activity at the sensor-tissue inferface can be oblalned by delenvining redative
sensing differences betwaen the slecirode surfases of two such dual madsality sensors, of
one such dual modality sensor and a standard decirode.  Mulliple such sl modality
sensors {or mulb-modality sensors) as describad hersin can be used simudiansously for
coffocated sensing af multipde points in or an the body. The dual modality sensors {or
mulfi-modality sensors) as described hevain can also be ussd as single modality sensors
Le. ysing only one of the cutputs, for any parlicular application, e.g. whers anly 2 singls
modality is vequired 3t a particular point. For sxample, this could be in an aray of single
randality, dual modality or mult-modality sensors distributed across 3 user's body.

Apphoations can intlude making robust electrical recordings for a diverse range of clinical
spplications such as monitoring spiepsy events, characienising sleep disorders sl and
for a diverse range of dlinical or non-clinical applications such as braincompuler
interfaces, &g, snabling ctrmunicstion pathways for the physically disabled and next

generation qaming.
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Other embadiments are infentionally within the scope of the gccompanying daims.
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CLAIMS

1. A dusl modaiity sensor comprising:

a Hasus-contact elecirode having a first surface configured Ry receiving an
sdectrical signal from 8 user's Hssus when aftached thereto] and

& rmeachanical sensor overlying the cutaneous elsclirede and configured 1o sense @
mechanical displacemant of the first surface through the electrads.

2. The sensorof claim 71 In which the electrode comprises an electrically conductive
laver defining g diaphragm of the mechanical sensor

3. The sensor of flaim 2 In which the mechanioal sensoris configured (o produce an
slachicsl oudpud as a function of displacament of the disphragm out of the plane of the
diaphragm af rest.

4. The sensor of claim 1 in which the machanical sensor Is configured (o produce an
slactrical output 88 2 function of a compression wave passing through ths elsclrods,

&, The sensor of olalm 2 in which the digphragm of the machanical sensor comprises
g first wall of a chamber, the chambey heving & sscond wall defined by s resilient
meambrans, the chamber providing acoustic coupling belwasn the diaphragm and the

rasiisnt membrane.

8. The sensorof clalm 1 i which the mechanical sensor comprises a vibration sanser,
8 microphong or § plezoslectie transducer.

7. The sensor of olalm 2 i which the diaphragm further Includes an electrically
insudating layer dispossd bebwesn (he slectrically sonductive Javer and the mechanicsl

SENSOL,
& The sensor of oiaim 1 iy which the mechanioal sensor comprises & fransdiucer and
an slectrically insulating laver disposed bebveen the ransducer and the lissus-contast

slatirade,

B, The sensor of claim 1 iy whith the slectrode comprises & cutansous slecirods,
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10, The sensor of daim 1 &y which the slectrode comprizses conductive bic-compatitds
matarial,

11, The sensor of claim 1 in which the mechanical sensar s disposed on & cariey
configurad 1o refan the slectiods in contact with & user's tissue.

12, The sensor of daim 11 in which the camier i configured o engage the first surface
of the slectrode 1o the user's skin

13, Amethod of reducing rolse i 2 bioalectiical signal from a Bssuscontact slectrods
comprising

providing a dusl modality sensor according to any one of claims 1 o 18,

disposing & fst surface of the dleclrade againgt & user's tissue o recele 3
bioelectical signal thersdram;

receiving, from the mechanical sensor, & movemsnt signal indicathve of mechanica
displacament of the slechrads;

using the movemant signal o aftenuate or remove moelion artefagt from the
bicelectrioal signal,

14, & method of ephanced physiclogical sensing usihg 8 Hesue-contact elsctrods
comprising

providing & dudl modality sensor scoording o any one of claims 1o 12

disposing & frel awface of the clechrods againet a user's Hesue o receive a
bioslectrical sional therefrony;

recsiving, from the mecharios! sensar, 8 movermnent signal indicative of mechaniosl
displacement of the alastrode;

combining the bloglectrical sighal and the movemant signaito determing a physical
nroperty of the user,

14
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