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SYSTEMS AND METHODS USING FLEXIBLE
CAPACITIVE ELECTRODES FOR
MEASURING BIOSIGNALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/320,564, which is a national stage
entry of PCT/IS2010/000007, the entire contents of which are
herein incorporated by reference.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to the field biometric
systems for electronic measurements of biosignals, including
electrocardiography signals and breathing measurements.

TECHNICAL BACKGROUND

[0003] Electrophysiological signals from human or animal
bodies are some of the most fundamental signals used in
medical diagnostics. Such signals originate from the muscu-
lar, cardiac or neurological electronic activity of a living
body.

[0004] For recording of heart, muscular or neurological
electric activities (including the methods of Electrocardio-
graphy (ECG), Electromyography (EMG), Electroencepha-
lography (EEG) and Electrooculography (EOG)) skin-elec-
trodes are normally glued to the skin of the patient. The
measured signal is based on the potential between the elec-
trodes, which is dependent on the sum of the neural and
muscular electronic activity between the electrodes. The
quality of the signal is greatly affected by the accuracy of the
position of the electrode and the conductance of the skin. For
this reason the surface-skin must be scrubbed off and various
fluids or gels are used, to get the electrode in direct galvanic
contact with the internal body fluids. This makes the use of
electrodes semi-invasive and makes it difficult for other than
health-professionals to perform the setup. This can often be a
problem, e.g. for sleep research and diagnosis, where over-
night measurements are needed.

[0005] Sleep Studies

[0006] To getaccurate results from a sleep study, the patient
must feel comfortable and sleep normally. Studies have
shown thatthere is a significant difference between the results
from the first night measured and the following nights, when
the patient is more comfortable with the studies. Optimally
the patient should therefore be measured for two or more
nights.

[0007] When a full sleep diagnostic study (polysomnogra-
phy, PSG) is performed, a combination of parameters are
measured, including the above mentioned electrophysiologi-
cal parameters along with large number of other sensor sig-
nals. The complication of the setup is therefore high and the
setup is fragile and uncomfortable for the patient. The result
is that this kind of study is mostly done at a hospital or
specialized sleep clinics and for one night only. PSG ambu-
latory sleep studies performed at people’s homes are less
common due to these complications; even with the obvious
benefits of measuring the patient in his conventional environ-
ment and resulting reduction of cost.

[0008] Electrocardiography (ECG) is an important tool for
sleep diagnostics and gives valuable indicators due to its
connection with sleep-related parameters, blood pressure and
arousals. Heart-rate-variability (HRV) and pulse-transit-time
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(PTT) are examples of useful parameters that provide signifi-
cant indications on the sleep/wake pattern of a subject.

[0009] If setup of more complicated sensors, like ECG
electrodes, could be performed by a patient or assistant at
home, this would increase the quality of the studies, save
work and make multiple-night sleep recordings possible.

[0010]

[0011] The general idea of capacitive electrodes is to use a
different way of measuring up the electrophysiological sig-
nals, such as for example ECG signals. When using conven-
tional electrodes, the aim is to provide a good signal connec-
tion by minimizing the electronic resistance between the
electrode lead and the patient body fluids. The idea behind
electro-capacitive electrodes is however instead of basing the
signal conductivity on resistance, to form a maximum capaci-
tance connection for the same purpose. As the conductivity of
capacitance is variable with frequency this does however
require that the amplifier input resistance must be extremely
high, for the signal in the band-width of interest to be
detected.

[0012] The simplest form of a capacitor between the body
and the electrode lead would be a metallic plate, where the
surface has been coated with a thin layer ofisolating material.
By pressing the plate towards the body a parallel plate capaci-
tor has been formed. Any electronic activity in the body will
cause electronic field to be formed over the isolating material
of the plate. By measuring the field or the voltage caused by
the field, the electronic body signals can be measured the
same way as when conventional electrodes are being used,
but without being in direct galvanic contact with the body.

[0013] Such capacitive electrode can be generally
described by equation (1):

Capacitive Electrodes

C=e*4/d )]

where € is a constant, A is the area of the surface of the
electrode, d is the effective insulating distance (the distance
between the electrode surface and the bodily fluids constitut-
ing the inherent “circuit” of the body).

[0014] This kind of electrode was first described in the late
60s and patented in 1970. (P. Richardson and A. Lopez, Jr.,
“Electrocardiographic and Bioelectric Capacitive Electrode,”
U.S. Pat. No. 3,500,823, granted 17 Mar. 1970). The capaci-
tive electrode disclosed by Richardson and Lopez comprises
a round disk, 1.5 in diameter, and 0.125 in thick, with an
insulating coating on the surface facing the skin of a subject.
Typical characteristics of such electrode include a resistance
of greater than 4 GQ (Gigaohms) at 50V and a capacitance of
5000 pF (picofarad) at 30 Hz.

[0015] The general problems of such capacitive electrode
include that the signal amplifier used must have an impedance
value on par with the high impedance of the electrode and
preferably substantially higher, so as not to lose too much of
the signal potential, before the signal is measured. A second
more complicated problem is that the impedance of the elec-
trode is variable, depending on the distance ‘d’, between the
electrode surface and the bodily fluids, which distance will
change as a result of bodily movements (e.g. breathing). This
second problem has been generally addressed by having a
very thin insulating layer on the electrode to increase the
capacitance, and by strapping the electrode rigidly to the body
so as to minimize the fluctuations in the distance d and thus
fluctuations in C.
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SUMMARY

[0016] The present disclosure provides in a first aspect a
system for measuring biometric signals, the system compris-
ing at least two electrodes wherein at least one of which is a
flexible capacitive electrode. Preferably, the second electrode
is as well a capacitive electrode having a flexible structure.
The system can suitably comprise at least two flexible con-
ducting electrodes that can be placed on or around the body of
a subject, wherein voltage is measured between the two elec-
trodes.

[0017] The present disclosure utilises new circuit design
and measurement configuration, such that the measured
capacitive signal can provide a well resolved and accurate
measurement of biosignals, e.g. ECG measurements, decou-
pling the effects of the high variability of the capacitance of
the circuit.

[0018] Theatleast two electrodes may suitably be arranged
as flexible belts, preferably these are elastically deformable,
such that they can be fit snugly on the torso of a subject.
[0019] Inoneembodiment, the system comprises two elec-
trodes configured to be placed around the thorax and abdo-
men respectively, of a subject. In such embodiment, the sys-
tem can suitably be configured to simultaneously determine
the respiratory effort of the patient. Preferably, in such system
the electrodes form flexible belts for determining respiratory
effort based on Respiratory Inductive Plethysmography (RIP)
technology.

[0020] Itfollows that the electrodes as described herein can
in one embodiment form at least two belts for determining
respiratory effort as a simultaneous measurement with a
capacitance measurement for determining electrocardio-
graphy (ECG) signals. Preferably the electrodes form belts
for determining respiratory effort based on Respiratory
Inductive Plethysmography (RIP) technology, but other
means for measuring respiratory effort are as well encom-
passed by the concepts of the present disclosure, as described
in more detail herein.

[0021] Another aspect of the present disclosure provides a
method for measuring biosignals from a subject, comprising:

[0022] placing at least one flexible capacitive electrode
on the subject, connected in a circuit,

[0023] measuring the voltage between said at least one
flexible capacitive electrode and a reference point and
transmitting a signal to a high-input impedance ampli-
fier, and

[0024] processing the received signal and outputting a
useful biosignal.

[0025] The method can suitably be performed with a sys-
tem such as described herein.

[0026] Inapreferred embodiment the method further com-
prises
[0027] generating an added current signal with a signal

generator connected to said circuit, said added signal
having a frequency substantially removed from the fre-
quency of the biosignal of interest,

[0028] measuring the voltage signal of the frequency
component corresponding to the added current signal to
thereby determine fluctuations in the overall impedance
and fluctuations in the capacitance of the circuit, and

[0029] correcting for fluctuations in the capacitance to
obtain a corrected voltage signal representing the mea-
sured biosignal and outputting said signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 illustrates a system of the present disclosure
according to a first embodiment with electrodes in the form of
conductive belts wrapped around the thorax 34 and abdomen
35 of a person 1.

[0031] FIG. 2 shows schematically equivalent circuitry ofa
basic system of another embodiment.

[0032] FIG. 3 shows a schematic circuit as in FIG. 2, but
with added high-output impedance function generator.
[0033] FIG. 4 shows a setup for measuring both ECG,
capacitively, and respiratory effort.

[0034] FIG. 5 shows the inductance of a thorax belt and an
abdomen belt, being modulated by the respiratory move-
ments of a patient.

DETAILED DESCRIPTION

[0035] Prior art electrodes for formation of capacitive elec-
trodes do have in common that they are based on a rigid plate
that is pressed toward some place of the body where the
desired signal is located.
[0036] Theuse of flexible and/or elastic electrodes, as inthe
present disclosure, provide critical benefits, and certain chal-
lenges as well, which however are solved by the present
disclosure.
[0037] The present disclosure provides a different concept
of using capacitive electrodes for measuring biosignals. The
present disclosure is based on using a flexible electrode, such
as in particular a belt, a cord, a sheet or the like. The term
“flexible” as used in this context indicates an electrode with a
structure which can have substantially varying capacitance
during use, i.e. the capacitor formed between the electrode
and the body of a subject may and generally will vary when in
useon alive subject, and no particular measures need be taken
to eliminate or minimize such variations, as in prior art sys-
tems based on rigid capacitive electrodes.
[0038] Preferably, the electrode is flexibly adjustable such
that it can be fit snugly on a subject, but without having to
restrict normal movements of the subject. Thus, systems and
electrodes of the present disclosure can be used for sleep
measurements where the subject can rest and sleep comfort-
ably, while the electrodes are mounted and the system in
operation.
[0039] 1In certain embodiments, the capacitive electrodes
can be formed by one or more of the following:
[0040] Weaving, sewing or knitting of conductive mate-
rial into flexible and/or elastic material,
[0041] Lamination of conductive material between lay-
ers of flexible and/or elastic material,
[0042] Gluing of conductive material onto the surface of
flexible and/or elastic material,
[0043] Coating a flexible and/or elastic material with
conductive film
[0044] The belts electrodes can in some embodiments be
described by the term “textile-like”, which in this context is
meant to describe any type of fabric, including woven, sewn
or knitted fabric but the electrodes may also be of plastic type
or from rubber or a rubber-like material, or any mixtures or
combination of the above.
[0045] Thepresent disclosure encompasses systems with at
least one flexible capacitive electrode, and a reference point,
which can be a conventional electrode mounted on the subject
but is in preferred embodiments described herein a second
capacitive electrode.
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[0046] TItis however within the scope of the present disclo-
sure to use alternative electrode setup, based on the same
principles described herein. For example, a setup with one
electrode mounted on the front of the torso of a subject and an
opposite electrode on the back of the subject, can as well be
used for capacitive measurements as described herein.
[0047] As mentioned above, one of the great challenges
when using flexible electrodes is that movements of the elec-
trodes result in capacitance changes that directly affect the
measured signal and this results in disturbances and errors.
The voltage over a capacitor is inversely modulated by the
change in capacitance. It is very difficult to keep the capaci-
tance constant of the capacitor formed between a capacitive
electrode and the body, as movements do cause disturbances
to occur that can be deleterious to the measurement. This is
solved by the present disclosure by measuring the absolute or
differential value of electrode-capacitance, where the form of
the disturbance can be calculated and cancelled from the
signal. This can be suitably done by applying to the circuit a
known added signal current with a frequency preferably
above the band-width of interest (e.g. sufficiently above to be
separable from the biosignal of interest which is to be mea-
sured). Modern signal processing technology allows very
sharp cut-off thresholds for frequency filters (hi- or low-pass
filters); depending on the biosignal of interest, the added
signal current can have a frequency of about 50 Hz or higher,
but more preferably about 100 Hz or higher, such as about 200
Hz or higher, such as about 400 Hz or higher or 500 Hz higher,
or a value even higher than those. Modern signal processing
technology also allows a known form signal to be subtracted
from the original signal, even if the bandwidth of the two
overlaps. This method is practical where the band of interest
is wide.

[0048] The signal transmits through the circuit across the
overall capacitor formed in the circuit (the known capacitance
and the body-capacitance) and therefore the absolute value of
the body capacitance can be calculated by comparing the
applied signal with the measured signal. As the voltage over
the capacitor can have a DC component that is unknown, it is
not enough to know the capacitance change to calculate the
strength of the disturbance, only the form is known. The
strength can however be calculated by comparing the capac-
ity signal with the measured signal, using signal processing
methods and convolution. With the form and strength of the
disturbance known, the signal can then be cleaned up by the
use of subtraction of the disturbance from the signal. The total
impedance of a capacitor in a circuit can be described by
equation (2):

Z=U(G(2xPIxfC)) @

[0049] By separating a frequency component which com-
prises the frequency of the added signal current, which is
sufficiently removed from the biosignal of interest to allow
for effective separation of the two, the total impedance can be
calculated by determining the voltage of'said frequency com-
ponent.

[0050] FIG.1shows a general setup of two electrodes in the
form of conductive belts wrapped around the body of'a human
subject 1, comprising a thorax belt 34 and abdomen belt 35.
The signals are transmitted by thorax lead 36 and abdomen
lead 37 to a high input impedance measurement device 38.
[0051] FIG. 2 shows the electrically equivalent circuitry of
the system in FIG. 1. The subject 1 generates an electro-
physiological signal 20. The thorax belt is positioned at a
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point/height 21 above the heart but the abdomen belt at a
point/height 22 below the heart. The thorax belt forms a
capacitor 2 with the body at point 21 and the abdomen belt
forms a capacitor 3 with the body at abdomen point 22. The
signal picked up is transmitted through the belts and leads to
the inputs 13, 14 of a high-input impedance amplifier 9 that
delivers a low-impedance signal 18 to further filtering at 26.
The signal output 27 is then delivered for further signal pro-
cessing.

[0052] FIG. 3 shows the electrically equivalent circuitry
where a signal generator 25 has been added to the circuit of
FIG. 2. The high-output impedance function generator 25
generates a differential alternative measurement current
between outputs 23 and 24. This current flows through the
body 1 over the body-belt capacitors 2 and 3. The frequency
of said added current is above the frequency of the biosignal
20 of interest. The signal generated by the current is amplified
by the high-input impedance amplifier 9. The output signal of
the amplifier 18 contains the sum of both the signal of interest
20 and the signal generated by the generator 25. In this case
the signal processing at 26 splits the output signal in two parts,
one part 27 containing the signal of interest, and the other part
28 containing information relating to the added signal gener-
ated by the generator 25.

[0053] Double Use of Respiratory Effort Belts in General

[0054] Any conductive belt that is placed on the body forms
a capacitor with the body. As long as the impedance between
two or more such electrode belts is kept sufficiently high and
the body-capacitance is sufficiently high, the electro-physi-
ological voltage signal between the belts can be measured.
Due to the strength of electric signals arising from the heart,
ECG measurements are especially suitable for of measure-
ment with the embodiments of the present disclosure. It will
be appreciated that in the described embodiments, flexible
sensors that have already been placed on the body can include
respiratory effort belts.

[0055] Inapreferred embodiment, the thorax belt is placed
around the body at a point 21 above the heart-position, while
the abdomen belt is placed at a point 22 below the heart-
position. The electronic field caused by the heart, that is the
ECG signal, therefore appears between the belts.

[0056] In the respiratory effort belts, either the sensors’
impedance is modulated with the respiratory movement or the
circuit produces an electronic signal internally that is modu-
lated with the respiratory movement. The sensors are there-
fore configured with two or more leads from each belt. By
measuring either the belt impedance or the signal generated
by the belt, the respiratory movement is measured.

[0057] By measuring the potential between the belts, the
ECG can be derived without the use of any conventional
electrode and without applying additional sensor. This adds a
valuable signal while it keeps the complexity of the setup low
and at the level such that measurements can be performed by
non-medical personnel.

[0058] The double use of the respiratory effort belts is
therefore based on measuring the differential or impedance
signal for a single belt for the respiratory effort, but to mea-
sure the potential signal between two or more belts for the
electro-physiological signal.

[0059] FIG. 4 illustrates this setup in more detail. Thorax
sensor 29 and abdomen sensor 30 form stray-capacitance 2
and 3 with the body 1 to which the electrodes are applied. The
thorax sensor is connected to its sensors adapting circuitry 31
in points 33 and 13. The abdomen sensor is connected to its
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sensor adapting circuitry 32 in points 64 and 14. The signals
generated by the sensors appear on the signal outputs 17 and
19 while the ECG signal appears as before on its signal output
27. As before, this circuit can be used with or without the
capacitance measurement unit 25 that delivers additionally
information on the capacitance changes and thereby move-
ment artifacts on signal output 28.

[0060] Double Use of RIP Belts

[0061] The “gold standard” for respiratory belts used in
sleep diagnostics are based on the so called RIP technology or
Respiratory Inductive Plethysmography. The technology is
based on the fact that the inductance of a wire loop is directly
proportional to the area of the loop. Ifa wire is placed tightly
around a body of a person, the inductance measured is there-
fore directly proportional to the cross-sectional area of the
body inside the loop, which area changes as the person
breathes in and out. By measuring the inductance of one loop
around the thorax and one around the abdomen, a good mea-
sure of the changes of lung volume can be derived and based
on that, the respiratory effort can be calculated.

[0062] The wire used to form the inductance does however
also forms a capacitor with the body. As normally for RIP
measurements only the inductance of the belt is measured, the
signal is not affected by this capacitance. By measuring the
voltage signal between the belts, the ECG can however be
derived.

[0063] As the capacitance formed between the belts and the
body is very low, in the range of hundreds of pF, the isolation
between the belts on the device side must be very high. ECG
bandwidth is starting around 1 Hz, which requires the input
impedance of the device to be above about 1 GOhm. Accord-
ingly, the term “high-input impedance amplifier” as used
herein indicates an amplifier with sufficiently high imped-
ance that it becomes substantially larger than the impedance
of the capacitor formed in the circuit. Thus, in a high-input
impedance amplifier, the impedance should be at least as high
as the capacitance of the circuit, and preferably at least 5 times
higher and more preferably at least 10 times higher and yet
more preferably at least 20 times higher. For measuring ECG
signals, which have an inherent voltage of around 10 mV and
lie in the frequency spectrum in the range of about 0.5 to 200
Hz, the impedance of suitable capacitive electrodes is in the
range of about 1 GOhm or higher, and consequently, a high-
input impedance amplifier in such embodiment preferably
has an impedance of about 1 GOhm or higher, such as for
example 5 GOhm or higher, including 10 GOhm or higher.
[0064] Conventional RIP devices dohowever require a very
low output impedance to drive the measurement current for
the inductance measurement. Typically this current is in the
frequency range of around and above 100 kHz.

[0065] InFIG. 5, the inductance of the thorax belt 4 and the
abdomen belt 5 are modulated by the respiratory movements
of the patient 1. Additionally the wire of the belts forms a
stray-capacitance 2 and 3 to the patient. A resonance module
is formed for both the thorax 8 and the abdomen 10 RIP belts
that deliver signals 17 and 19, containing the respiratory
movement signals in one form or the other. The resonance
frequency in 8 and 10 is most often measured in tens or
hundreds of kHz. A practical problem using the RIP function
in combination with capacitive electrode function is that
while the electrodes require high input impedance, the imped-
ance of the resonance circuitry is required to be low. To avoid
this problem a thorax transformer 6 and abdomen transform-
ers 7 have been added, providing the required high common
mode impedance for the electrode but still allowing a low
impedance excitation of the RIP belts. As before, this circuit
can be used with or without the capacitance measurement unit
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25 that delivers additionally information on the capacitance
changes and thereby movement artifacts on signal output 28.
[0066] Double Use of Piezo Belts

[0067] Instead of using RIP belts with a conductor for mea-
suring respiratory effort through inductance measurements, it
is also known in the prior art to measure respiratory effort by
using elastic belts that pull a piezo-crystal or film at one or
more points. The respiratory effort (breathing movements)
stretch the elastic belt which this modulates the strain on the
piezo material and forms an electronic signal proportional to
the movement. If a belt in such application is partially or fully
made of conductive materials, they would form a capacitance
with the body. Accordingly, in an embodiment of the present
disclosure the system comprises one or more piezo-element
integrated with one or more elastic belts that comprise elec-
trodes for the primary biosignal measurement, which is suit-
ably an ECG measurement, and the one or more piezo-ele-
ments are used for measuring respiratory effort. FIG. 4
illustrates the equivalent electronic circuit for this applica-
tion, where the sensors 29 and 30 represent piezo elements
and the capacitors 2 and 3 are the capacitors formed between
the patient 1 and the sensors/conductors within the belts.
[0068] Double Use of Resistive Polymer Belts

[0069] Thesetypes of respiratory effort belts are made from
an elastic material that has one or more threads made of
elastic polymer that has been blended to give it some conduc-
tance. The length and diameter of the polymer threads are
modulated with the stretching of the belt, and therefore the
belt electrical resistance is also modulated. In this case, either
the polymers themselves can be used to form the capacitance
with the body, the belt may be coated with conducting mate-
rial giving the capacitance, or the belt can contain additional
conductive materials that form the capacitance. The present
disclosure encompasses embodiments with capacitive elec-
trodes for the primary biosignal measurements of the disclo-
sure and where the system comprises resistive polymer sen-
sors for measuring respiratory effort. In this configuration,
the resistive polymer sensors need not lie around the patient
but can be, e.g., integrated in sheets that when placed appro-
priately on a subject stretch as the subject breathes.

[0070] FIG. 4 describes an equivalent electronic circuit for
this application, where the sensors 29 and 30 represent the
resistive elements and the capacitors 2 and 3 the capacitors
formed between a subject 1 and the sensors/belts. In this case
the sensors adapting circuitries 31 and 32 provide the required
common mode isolation, to keep the input resistance of the
circuitry sufficiently high.

[0071] Capacitive electrodes do introduce new sources of
disturbances as they are in a weaker connection with the
electrical signal than conventional skin electrodes. The high
impedance through the capacitance makes them more sensi-
tive for pickup of stray-electro-magnetic fields and as
described above, the capacitance is not fixed but is modulated
by any movement between the body and the electrode and a
modulation of the capacitance is directly coupled into a dis-
turbance artifact directly proportional to the voltage over the
capacitor. A method for measuring online the capacitance and
using the measured capacitance signal to optimise filtering of
those disturbances has already been described above.

[0072] Increasing the Body-Electrode Capacitance.

[0073] For the flexible electrodes described above, and
especially for double use of the respiratory effort belts as
capacitive electrodes, the capacitance can be increased and
thereby the strength of the measured signal can be increased.
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[0074] For RIP belts the wire used is normally highly con-
ductive but thin. As the capacitance between the body and the
belt is based on the surface area of the conductor across the
corresponding area of the body, this capacitance can be suit-
ably increased by increasing this area when using such belts
in the present disclosure.

[0075] One way of doing this in the present disclosure is to
use more than one conductor in parallel in the belt manufac-
turing and thereby increasing the capacitance area. Two wires
in parallel would basically double the belt-body capacitance,
etc.

[0076] Another way is to give the normally non-conductive
RIP-belt base-material some conductance by blending them
with conductive material (i.e., mixing in conductive material,
soaking in conducting material, or by any other means). The
now conductive base material in this way forms capacitance
both with the body and with the wire in the RIP belts and
thereby increases the overall body-belt capacitance. As the
input resistance of the amplifier is very high, the electrical
resistance of the belt material does not necessarily need to be
very low for this to significantly increase the overall body-belt
capacitance.

[0077] In another embodiment, the base material is made
conductive by having some or all of the belt threads made of
conductive materials. This could for example be tinsel-wire,
resistive polymer or alike. These conductors would have both
capacitive coupling with the RIP-wire and the body and
thereby increase the overall body-belt capacitance.

[0078] Windowed Pulse Detection.

[0079] For many medical applications, it is not necessary to
measure all the details of an ECG signal. Often, only the
timing of the ECG pulse is of interest and therefore only the
R-component of the ECG is of interest in such situations. The
R-component is a spike that is significantly larger in ampli-
tude than other components of the ECG signal, so it can be
detected from signals with relatively low signal-to-noise ratio
(SNR). In the case of recording with capacitive electrodes, it
can be the case that the SNR is significantly lower compared
with conventional skin-electrodes. The timing of the R-com-
ponent is of special interest in sleep diagnostics, as it is both
used for heart-rate measurements, heart-rate variability mea-
surements and calculations of pulse transit time. If the signal
has a low signal-to-noise ratio, the capability of positioning
the R-component can be significantly improved by limiting
the time-window where it may have appeared. In sleep diag-
nostics the time-window of the R-component can be limited
in two ways.

[0080] If a pulse oxymeter signal is recorded simulta-
neously, every heartbeat results in a pulse in the oxymeter
plethysmogram, few milliseconds later. This information can
be used to limit the time-window to the last few milliseconds
before the oxymeter pulse.

[0081] Ifthe movements of the thorax are being monitored
using respiratory effort belts, the motoric function of the
heart-beat is picked up along with the respiratory signals. As
this function is always a result the electrical function few
milliseconds before, the position of the motoric pulse can be
used to reduce the search area for the electrical pulse.
[0082] The present disclosure is however not limited to
such embodiments as just mentioned; in other useful embodi-
ments, more heart signals are measured, comprised in normal
ECG measurements, such as but not limited to the QRS com-
plex, the P wave, the PR interval, the ST segment, the CT
segments, etc. These signals are useful for diagnosing various
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heart conditions, such as cardiac arrhythmias, conduction
abnormalities, ventricular hypertrophy, myocardial infarc-
tion, electrolyte derangements, and other disease states.

[0083] The Use of Flexible Electrodes for Other Signals
than ECG.
[0084] In general it is more comfortable to put a belt on

rather than to put on a conventional electrode with direct
conductive contact with the skin. The belts can therefore also
be used instead of electrodes without sharing any function
with RIP technology. This may for example be practical to
measure EMG signals on limbs using two straps instead of
electrode, EMG between neck and thorax used for example
for sleep/wake determination or to form a simple-to-put-on
EEG/EOG assembly of electrodes, by introducing conductive
wire into an elastic cap covering head areas of interest.

1. A system for measuring biometric signals, the system
comprising:

a first electrode that forms at least a portion of a first belt
configured to be placed at least partially around a torso
of a subject;

a second electrode that forms at least a portion of a second
belt configured to be placed at least partially around the
torso of the subject; and

a circuit configured to measure a voltage between the first
electrode and the second electrode,

wherein the first electrode and the second electrode are
arranged to determine the respiratory effort of the sub-
ject, and

the first electrode or the second electrode includes a capaci-
tive electrode with a flexible structure including an insu-
lated conductor, the insulated conductor being insulated
such that the conductor does not come in direct contact
with skin of the subject when the first electrode or the
second electrode is placed on the subject.

2. The system of claim 1, wherein the first electrode and the
second electrode each respectively include a flexible elasti-
cally deformable capacitive electrode.

3. The system of claim 1, wherein the system is configured
to determine electrocardiography (ECG) signals through a
measurement of voltage between said electrodes.

4. The system of claim 1, wherein the system is configured
to determine electromyography (EMG) signals through mea-
surement of voltage between said electrodes.

5. The system of claim 1, wherein the biometric signals the
system is configured to measure include an electrophysi-
ological signal from the body and a signal for determining the
respiratory effort.

6. The system of claim 5, wherein the signal for determin-
ing respiratory effort is based on Respiratory Inductive
Plethysmography (RIP).

7. The system of claim 6, wherein a belt-to-belt insulation
is achieved by using electronic transformers for an RIP signal.

8. The system of claim 1, wherein said belts are configured
to form capacitive electrode caps.

9. The system of claim 1, further comprising a processor
configured to correct for fluctuations in the capacitance in the
circuit.

10. The system of claim 9, further comprising a signal
generator configured to generate an added known form cur-
rent signal to the biosignal to form a voltage signal including
the sum of an added signal and a biosignal of interest;

a voltage measurer configured to measure the voltage sig-

nal including the sum of the added signal and the bio-
signal of interest; and
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asignal splitter configured to split the measured signal into
components the biosignal of interest and the added sig-
nal.
11. The system of claim 10, wherein said added current
signal has a frequency of about 50 Hz or higher.
12. The system of claim 1, comprising a high-input imped-
ance amplifier.
13. A method for measuring biosignals from a subject, the
method comprising:
placing a first flexible capacitive electrode on the subject,
the first flexible capacitive electrode being connected in
a circuit;
measuring a signal based on the voltage between the first
flexible capacitive electrode and a reference point at a
second electrode, both of the first flexible capacitive
electrode and the second electrode forming induction
belts;
inputting the signal to a high-input impedance amplifier;
and
processing the signal and outputting a useful biosignal.
14. The method of claim 11, wherein said reference point is
a second capacitive electrode.
15. The method of claim 14, wherein the second capacitive
electrode is a flexible capacitive electrode.
16. The method of claim 15, further comprising:
generating a known added current signal with a signal
generator connected to the circuit, said added current
signal having a shape separable from a biosignal of
interest;
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measuring a voltage signal of an added component corre-

sponding to the added current signal;

determining fluctuations in an overall impedance and fluc-

tuations in a capacitance of the circuit;

correcting for fluctuations in the capacitance of the circuit

to obtain a corrected voltage signal representing the
measured biosignal of interest; and

outputting said measured biosignal of interest.

17. The method of claim 13, wherein said biosignals
include electrocardiographic signals.

18. The method of claim 13, wherein said biosignals
include a signal for determining the respiratory effort based
on Respiratory Inductive Plethysmography (RIP).

19. The method of claim 16, wherein the added current
signal has a frequency of above about 50 Hz.

20. A system for measuring biometric signals that include
an electrophysiological signal from the body and a signal for
determining respiratory effort based on Respiratory Inductive
Plethysmography, the system comprising:

at least two electrodes that form belts configured to be

placed at least partially around the torso of a subject for
determining respiratory effort, at least one of which belt
comprises a capacitive electrode with a flexible struc-
ture,

wherein a conductor within said at least one belt is insu-

lated, such that the conductor does not come in direct
contact with the skin of a subject, when the belt is placed
on said subject the system having a circuit for measuring
the voltage between said at least two electrodes.

I S I
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