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(57) ABSTRACT

System for capacitively recording electrical bio-signals from
a bio-signal source, wherein the system has at least one
capacitive measuring electrode and at least one electronic
evaluation unit which is coupled to the measuring electrode
and is intended to evaluate the electrical signals from the
measuring electrode, and wherein the system also has means
for monitoring the quality of the capacitive coupling
between the measuring electrode and the bio-signal source,
characterized in that the means for monitoring the quality of
the capacitive coupling have, in addition to the measuring
electrode(s), at least two injection electrodes which are
electrically separated from one another and are intended to
feed injection signals into the at least one measuring elec-
trode via the bio-signal source, wherein the system has
signal generators for generating a first injection signal and a
second injection signal which differs from the first injection
signal, which signals are fed into the measuring electrode by
means of the injection electrodes via the bio-signal source,
and wherein the system has a determination unit which is set
up to determine the quality of the capacitive coupling
between the measuring electrode and the bio-signal source
on the basis of the signals received via the measuring
electrode on the basis of the signal components which are
contained therein and stem from the first and second injec-
tion signals.
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SYSTEM, METHOD AND COMPUTER
PROGRAM FOR CAPACITIVELY
RECORDING ELECTRICAL BIO-SIGNALS

[0001] The invention relates to a system for capacitively
capturing electrical biosignals from a biosignal source,
wherein the system has at least one capacitive measurement
electrode and at least one electronic evaluation unit, coupled
to the measurement electrode, for evaluating the electrical
signals from the measurement electrode, and wherein the
system further has means for monitoring the quality of the
capacitive coupling between the measurement electrode and
the biosignal source. Further, the invention relates to a
method for determining the quality of the coupling between
at least one measurement electrode of such a system and a
biosignal source, and a computer program having program
code means, configured to carry out the method.

[0002] In general, the invention relates to the field of
capturing electrical biosignals by capacitive capture, i.e.
without establishing a galvanic contact with the skin. Here,
the biosignal source can be any living being, in particular a
human. By way of example, ECG signals, EEG signals and
similar signals that are able to be captured electrically can be
recorded as biosignals. The biosignals can be evaluated, e.g.
for medical diagnostic purposes, or as any other indicator
signals which, for example, are evaluated further in vehicle
systems.

[0003] There already are proposals to equip vehicle seats
of automobiles with textile capacitive electrodes in order
thus to monitor the fitness to drive of a driver at all times.
A proposal for such a textile capacitive electrode emerges
from DE 10 2013 108 810 Al.

[0004] In the case of such instances of capacitive capture
of biosignals, it is important for the evaluation of the
captured signals to know how good the signal transfer is
from the biosignal source to the measurement electrode. By
way of example, what may happen in the case of measure-
ment electrodes installed into the vehicle seat is that the
person to be captured is placed inexpediently on the seat or
other external factors cause a poor signal transfer. Such a
case must be distinguishable from the case where the person,
i.e. the biosignal source, does not emit biosignals or only
emits low biosignals to the measurement electrode for health
reasons.

[0005] Therefore, there are already proposals to monitor
the quality of the capacitive coupling between the measure-
ment electrode and the biosignal source. The proposal of
feeding so-called carrier signals into the biosignal source via
certain measurement electrodes and of evaluating said car-
rier signals via other measurement electrodes together with
the actual signals to be captured emerges from WO 2015/
075692 A1. This proposal appears relatively complicated for
a practical implementation in systems that have many mea-
surement electrodes since a correspondingly large number of
carrier signals has to be generated. Moreover, there may be
crosstalk between various measurement electrodes if a plu-
rality of measurement electrodes inject a carrier signal at the
same time.

[0006] The invention is therefore based on the object of
specifying a system for capacitively capturing electrical
biosignals, in which the quality of the capacitive coupling
between the measurement electrode and the biosignal source
can be determined with less outlay. Further, an advantageous
method for determining the quality of the coupling between
at least one measurement electrode of such a system and a
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biosignal source is intended to be specified, and moreover a
computer program having program code means for carrying
out the method.

[0007] According to claim 1, this object is achieved by a
system for capacitively capturing electrical biosignals from
a biosignal source, wherein the system has at least one
capacitive measurement electrode and at least one electronic
evaluation unit, coupled to the measurement electrode, for
evaluating the electrical signals from the measurement elec-
trode, and wherein the system further has means for moni-
toring the quality of the capacitive coupling between the
measurement electrode and the biosignal source, wherein
the means for monitoring the quality of the capacitive
coupling have at least two injection electrodes, electrically
separated from one another, for feeding injection signals into
the at least one measurement electrode via the biosignal
source in addition to the measurement electrode or the
measurement electrodes, wherein the system has signal
generators for producing a first injection signal and a second
injection signal that differs from the first injection signal,
said injection signals being fed into the measurement elec-
trode via the biosignal source by means of the injection
electrodes, and wherein the system has a determination umt
which is configured to determine the quality of the capaci-
tive coupling between the measurement electrode and the
biosignal source on the basis of the signals received via the
measurement electrode on the basis of the signal compo-
nents contained therein, which originate from the first and
second injection signals. As a result of introducing addi-
tional injection electrodes, which are present in addition to
the measurement electrode or the measurement electrodes of
the system and which accordingly do not serve as measure-
ment electrodes, i.e. do not serve for capturing electrical
biosignals, it is possible to provide set feed paths for
injection signals which, according to their set function, only
need to be provided with the electronic wiring required to
this end. In particular, the injection electrodes can be embod-
ied as ground electrodes (capacitively or galvanically
coupled to the body) within the meaning of DRL (driven
right leg) electrodes, as are known from ECG systems. In
this way, the injection electrodes can be embodied as elec-
trodes which, in contrast to the measurement electrodes, are
already actively driven by amplifiers in each case. Accord-
ingly, the additional outlay for feeding the injection signals
is relatively low. Thus, for example, an injection signal in the
form of a sinusoidal signal can be added to the common
mode rejection signal supplied in any case by a DRL
electrode by means of an adder with little outlay, at least
with significantly less outlay than would be necessary in the
case of a modification of measurement electrodes.

[0008] The system according to the invention is advanta-
geous in that two different injection signals can be fed via
the two injection electrodes that are separated from one
another, said injection signals in turn being able to be
captured by means of the measurement electrode or the
measurement electrodes via the biosignal source and being
distinguishable from one another. Accordingly, the quality of
the capacitive coupling between the measurement electrode
and the biosignal source can be determined on the basis of
the signals received via the measurement electrode on the
basis of the signal components contained therein, said signal
components originating from the first and second injection
signals. Advantageously, it is always only the at least two
injection electrodes with the injection signals that differ
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from one another that are required, independently of the
number of employed measurement electrodes of the system.
Hence, it is possible to determine the quality of the capaci-
tive coupling with the biosignal source on the basis of the
captured signals for each measurement electrode. To this
end, the determination unit may have, for example, a filter
for filtering out the signal components originating from the
first and second injection signals.

[0009] By way of example, a numerical value, for example
a numerical value reproducing the coupling capacitance, or
else, after an appropriate pre-evaluation, a good/bad infor-
mation item specifying whether or not the electrical biosig-
nals of the biosignal source captured via a measurement
electrode are evaluable in a meaningful manner can be
determined as a result of the determination of the quality of
the capacitive coupling between the measurement electrode
and the biosignal source. In particular, it is also possible to
evaluate the temporal profile of the quality of the capacitive
coupling determined in this way.

[0010] According to an advantageous development of the
invention, one, some or all of the measurement electrodes of
the system are embodied as textile capacitive electrodes,
which are embedded into a textile structure. The textile
structure can be, for example, part of an item of seating
furniture or a seat in a means of transport, e.g. in a motor
vehicle, an airplane or the like. Here, the measurement
electrodes can be embedded, in particular, in a backrest of
the seat. Furthermore, the electrodes can be integrated into
a couch or a bed.

[0011] According to an advantageous development of the
invention, the at least two injection electrodes are embodied
as textile capacitive electrodes, which are embedded in a
textile structure. The injection electrodes can be embedded,
for example, in a seating area of a seat. As a result, the
assumption of relatively good coupling with the biosignal
source can be made at all times.

[0012] In this way, it is possible to specify a textile
structure that is equipped with the measurement electrodes
and/or the injection electrodes, it being possible to provide
said textile structure in a simple and cost-effective manner.
As a result of the embodiment of the electrodes as textile
capacitive electrodes, these do not appear to be very bulky
and do not interfere with the seating comfort.

[0013] According to an advantageous development of the
invention, provision is made for one, some or all of the
measurement electrodes of the system to be embodied as
flexible capacitive electrodes with conductive structures,
wherein the conductive structures are embodied as printed
structures. Accordingly, the conductive structures can be
realized using a printing method. By way of example, the
conductive structures can be embodied as screen-printed
structures, i.e. they can be realized by means of screen
printing. Other printing methods are also advantageously
applicable, such as e.g. offset printing, intaglio printing or
flexography. As a result of this, it is possible to provide
particularly flexibly adaptable capacitive electrodes which,
moreover, are producible in large numbers in a cost-effective
mannet.

[0014] According to an advantageous development of the
invention, only the first injection signal is fed into the one
injection electrode and a superposition of the first injection
signal and second injection signal is fed into the other
injection electrode. According to an advantageous develop-

Jul. 26,2018

ment of the invention, a common mode rejection signal is
additionally fed in both injection electrodes.
[0015] According to an advantageous development of the
invention, the determination unit is configured to determine
the quality of the capacitive coupling on the basis of the
amplitude values and phase angles of the signal components
of the first injection signal and of the second injection signal
received via the measurement electrode.
[0016] According to an advantageous development of the
invention, the system is configured to determine the heart
rate or a variable of the biosignal source derived therefrom.
[0017] According to an advantageous development of the
invention, measurement values of the currents fed via the
first injection electrode and the second injection electrode by
means of the supplied injection signals are supplied to the
determination unit as further input variables and the deter-
mination unit is configured to determine the quality of the
capacitive coupling taking into account the supplied mea-
surement values of the currents fed into the first injection
electrode and the second injection electrode by means of the
supplied injection signals. By way of example, the fed
currents can be ascertained by means of shunts. In this way,
it is possible to capture further electrical measurement
variables for evaluating the variables fed by means of the
injection electrodes, and so the computational determination
of the quality of the capacitive coupling of the measurement
electrode is further simplified.

[0018] The object set forth at the outset is further achieved

by a method for determining the quality of the coupling

between at least one measurement electrode of a system of
the type described above and a biosignal source, including
the steps of:

[0019] a) feeding, with temporal overlap or at the same
time, a first injection signal and a second injection signal,
differing therefrom, into the at least one measurement
electrode via the biosignal source,

[0020] b) evaluating the electrical signals received by the
at least one measurement electrode,

[0021] c¢) determining the quality of the capacitive cou-
pling on the basis of the signal components of the first
injection signal and of the second injection signal con-
tained in the received signals.

[0022] The advantages explained above can also be real-
ized hereby.
[0023] The object set forth at the outset is moreover

achieved by a computer program having program code
means, configured to carry out the method of the type
described above when the computer program is executed on
a computer of the system. By way of example, the computer
of the system can be a computer of the determination unit.
The advantages explained above are also realized hereby.
[0024] The invention will be explained in more detail
below on the basis of exemplary embodiments, with draw-
ings being used in the process.

[0025] In the figures:

[0026] FIG. 1 shows a system according to the invention
in a schematic illustration and

[0027] FIG. 2 shows the multi-layer structure of a textile
electrode and
[0028] FIG. 3 shows a signal capturing circuit of a mea-

surement electrode and

[0029] FIG. 4 shows an equivalent circuit diagram of a
2-channel system and
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[0030] FIG. 5 shows an equivalent circuit diagram of the
injection electrodes.

[0031] The same reference signs for mutually correspond-
ing elements are used in the figures.

[0032] The system illustrated in FIG. 1 serves for capaci-
tively capturing electrical biosignals from a biosignal source
2, e.g. a human. To this end, a seat upholstered with textiles,
e.g. a vehicle seat, is equipped with appropriate capacitive
measurement electrodes and injection electrodes. Presented
in an exemplary manner is that four measurement electrodes
30 in the form of textile capacitive electrodes are integrated
into a backrest 3 of the seat. Two injection electrodes 40, 41
are integrated into a seating area 4 of the seat, it likewise
being possible for said injection electrodes to be embodied
as textile capacitive electrodes. The injection electrodes 40,
41 are connected by separate electrical lines with devices 43,
44, which have only been illustrated once in FIG. 1 but
which are realized separately for each injection electrode.
The device 43 is a low-pass filter, for example with a limit
frequency of 4 kHz. The device 44 is embodied as a
digital-to-analog transducer, which converts a digital signal
supplied from a determination unit 1 into an analog voltage
value and which outputs said analog voltage value to the
respective injection electrode 40, 41 via the low-pass filter
43.

[0033] The measurement electrodes 30 are connected to
further signal processing means 33, 34 via respective signal
amplifiers 31, which may also be integrated in the respective
textile electrode. The measurement electrodes 30, or their
signal amplifiers 31, can be connected to the determination
unit 1 in each case via an individual, separate signal path via
signal processing means 33, 34 or, if the circuitry outlay
should be reduced, they can be connected to the same signal
processing means 33, 34 via a multiplexer 32 in each case.
The signal processing means 33 can be embodied as a
low-pass filter, for example with a limit frequency of 4 kHz.
The signal processing means 34 can be embodied as an
analog-to-digital transducer.

[0034] By means of the respective analog-to-digital con-
version and digital-to-analog conversion, it is possible for
the signal processing in the determination unit 1 to be
effectuated in a completely digital manner, with the advan-
tage that it is possible to realize complex signal processing
algorithms relatively cheaply.

[0035] The determination unit 1 connected to the analog-
to-digital transducer 34 and the digital-to-analog transducers
44 has the following structure: the digitized signals from the
measurement electrode 30, captured via the analog-to-digital
converter 34, are supplied to three different evaluation paths
in the determination unit 1, to be precise to a path for
evaluating the signal components originating from the injec-
tion signals, a path for ascertaining the actual used signals,
namely the biosignals from the biosignal source, and a path
which serves for common mode rejection. The discussion
will initially focus on the path for evaluating the signal
components originating from the injection signals. To this
end, a buffer 10 is initially present, the incoming data
initially being buffered once therein block-by-block, for
example with a block size of 728 measurement values. Here,
in particular, the block size is selected in such a way that full
periods of the first injection signal and the second injection
signal are stored in a block in each case.

[0036] The signal components are pre-processed in a
block 11 using a non-rectangular window function, for
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example a Hanning window. There is further filtering in a
subsequent digital filter 12, for example by means of a Fast
Fourier Transform (FFT) or a Goertzel algorithm. The
Goertzel algorithm allows the efficient determination of
selected frequency components. Using the data determined
in this manner, the quality of the capacitive coupling
between the measurement electrode and the biosignal source
can be determined, for example in the form of the coupling
capacitance, in a block 15. The results of the quality deter-
mination can be output, for example, on a display device,
e.g. a monitor 5, or may be supplied to further processing.

[0037] The ECG signals are filtered out of the supplied
signals from the measurement electrode via the filter block
14 illustrated approximately in the center of the determina-
tion unit 1 in FIG. 1. By way of example, this can be
effectuated by way of a low-pass filter.

[0038] For the common mode rejection, provision is made
for initially summing the supplied, digitized measurement
signal via a summing unit 16. As a result of this, the common
mode signal is obtained. The previously determined com-
mon mode signal still can be amplified by an amplification
factor 18, for example in the range from 0 to 40 dB, in a
multiplying unit 17. The signal formed thereby is subse-
quently supplied to a further filter 19. The signal produced
by the filter 19 is supplied, firstly, to the filter block 14 and,
moreover, to two summing units 20.

[0039] The first injection signal and the second injection
signal are produced in two signal generators 21, 22 in the
blocks illustrated at the bottom of the determination unit 1.
By way of example, the first injection signal can have a
frequency of 1120 Hz at 100 mV amplitude while the second
injection signal can have a frequency of 1040 Hz at 12.5 mV
amplitude. Thus, the first signal generator 21 may be embod-
ied to directly emit a superposition of the first injection
signal and the second injection signal, while the other signal
generator 22 only emits the first injection signal. The signal
output by the filter 19 is mixed into the respective injection
signals in the summing units 20 for the purposes of common
mode rejection. The corresponding signals, which are pres-
ent in digital form up to this point, are converted into analog
signals via the aforementioned digital-to-analog transducers
44 and fed into the injection electrodes 40, 41 separately
from one another via the filters 43.

[0040] A compromise was found for the dimensioning of
the injection signals, said compromise allowing the place-
ment of the injection signals at frequencies that lie together
as closely as possible and the offering of a good demodu-
lation rate and, in the process, allowing achievable sensing
rates for suitable precision analog-to-digital transducers and
available microcontrollers. Moreover, the injection frequen-
cies must be high enough to be able to be sufficiently
suppressed in relation to the used signal (the ECG signal)
using a simple low-pass filter. As a result of this, a delimi-
tation from movement artifacts, which lie in the range below
20 Hz, is also possible.

[0041] The amplitude of the injection signals also repre-
sents a compromise between a good signal-to-noise ratio and
the lowest possible order of the low-pass filters to facilitate
simple signal processing.

[0042] FIG. 2 shows, in an exemplary manner, a textile
electrode as can be used as measurement electrode 30 or else
as injection electrode 40, 41. At this point, reference is once
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again made to the fact that the invention is not restricted to
textile electrodes but, instead, is usable with any type of
capacitive electrode.

[0043] FIG. 2 shows the electrode 1 with the individual
layers in an isometric view, before the layers are adhesively
bonded together. It is possible to identify three electrically
conductive layers 61, 62, 63 made of an electrically con-
ductive textile material and three insulation layers 64, 65, 66
made of an insulating textile material. The uppermost elec-
trically conductive layer 61 is the sensor layer of the
electrode which serves for capacitively coupling the signal
to be measured by means of the electrode. The electrically
conductive layer 62 in the middle is a guard layer which
serves to shield the sensor layer 61 from external disturbing
influences, in particular ESD influences. The lowermost
electrically conductive layer 63 is a reference potential layer
which should be connected to a reference potential. In one
corner, the sensor layer 61 has a recess 67, by means of
which a contact tab 68 is formed for electrically contacting
the sensor layer 61. The guard layer 62 has a contact tab 69,
which is formed by virtue of pieces of textile material of the
guard layer 62 having been cut away to the left and to the
right of the contact tab 69. The contact tab 69 serves for
electrical contacting of the guard layer 62. The reference
potential layer 63 has a comparable embodiment to the
sensor layer 61; however, it has a contact tab 70 on the
opposite side. The contact tab 70 is formed as a consequence
of a recess 71, which is cut out of the textile material of the
reference potential layer 63. The uppermost insulation layer
64 has a recess 72 in one corner, said recess lying below the
contact tab 68. The insulation layer 65 in the middle has a
recess 73 in an opposite corner of the same side. The recess
73 overlaps with the contact tab 70. The lowermost insula-
tion layer 66 does not have any such recess. By way of
example, the layers 61-66 can be brought into the described
and illustrated outer contour by laser cutting.

[0044] The outer form of the electrode 1 or of the indi-
vidual layers 61-66 need not necessarily be substantially
rectangular, as illustrated in FIG. 2, but can instead assume
any other desired form, such as e.g. an oval form, a rectan-
gular form with rounded corners or a circular form.

[0045] Amplifier electronics 83 which serve to amplify the
electrical signals output by the capacitive electrode 1 are
integrated into the region in which the contact tabs 68, 69,
70 are present in the multilayer structure illustrated in FIG.
2. The amplifier electronics 83 are arranged between the
upper insulation layer 64 and the guard layer 62 in this case.
However, this is only one example for a possible arrange-
ment; advantageously, other positions of the amplifier elec-
tronics 83 are also possible. The amplifier electronics 83
have an electrical connection surface 80 on the side that is
illustrated at the top in FIG. 2 and two further electrical
connection surfaces 81, 82, for example in the form of
contact pads, on the lower side. As a consequence of the
recesses 72, 73, the contact tab 68 can be electrically
connected to the connection surface 80, the contact tab 69
can be electrically connected to the connection surface 81
and the contact tab 70 can be electrically connected to the
connection surface 82. As a consequence of the insulation
layers 64, 65, 66 that overlap in the remaining regions, there
cannot be unwanted short circuits or faulty contacting.
[0046] FIG. 3 shows, in an exemplary manner, a ground
electrode with the above-described multilayer structure to
the left, said multilayer structure being arranged behind the
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textile surface 60 of the backrest 3. The reference potential
layer 63 is connected to the system ground via a resistor 64.
The sensor layer 61 is connected via a line, initially via an
amplifier, e.g. an operational amplifier 65, to the guard layer
62. Further, for the purposes of capturing the already
explained signals that are to be captured by way of the
measurement electrode, the sensor layer 61 is connected to
a measurement connector 68, at which the measurement
signal to be captured by means of the signal evaluation
means 33, 34 is present. In order to be additionally able to
carry out a current measurement in respect of the injection
electrodes 40, 41, a measurement resistor in the form of a
shunt 66 is present in the line from the sensor layer 61 to the
measurement connector 68. The voltage drop across the
shunt 66, which is an indicator for the current flowing
therethrough, is amplified via an amplifier 67 and output to
an output connector 69. The signal provided at the output
connector 69 is supplied, likewise via an analog-to-digital
converter, to the determination unit 1, optionally after pre-
ceding filtering, and processed further there.

[0047] The quality of the capacitive coupling, for example
in the form of a coupling impedance, can be determined as
outlined below: here, the equivalent circuit diagram illus-
trated in FIG. 4 and the electrical variables specified therein
are taken as a starting point.

[0048] FIG. 4 illustrates the equivalent circuit diagram of
a 2-channel system (two measurement electrodes) with a
DRL signal injection. Additionally, the parasitic impedance
2., 15 taken into account here. It arises from the stray
capacitances between the biosignal source and objects in the
environment and between the measurement system and the
environment. It is particularly significant in the case of a
non-insulated power supply of the measurement system
from the grid. U, represents the voltage signal present at the
biosignal source in relation to the system ground. The
following applies for the coupling impedance of an elec-
trode:

y oy L @G.11)
e T Zin + Zc

u, (3.12)
eZ = Zin( T 1]

[0049] From this, it is possible to determine the capaci-
tance and the resistance depending on the angular frequency
o of the injection signal:

1 1 (3.14)

(3.15)

[0050] However, the model shows that the voltage U, is
influenced by the impedances Z,,,,, Z,,; and Z ;. It cannot
be uniquely determined with the available measurement
data.
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[0051] In order to be able to determine U, at least one
further injecting electrode is required.

[0052] To this end, the DRL electrode can be subdivided
into two separate areas in order to form the injection
electrodes. In contrast to the subdivision of the measurement
electrodes, this does not harbor a disadvantage for the signal
quality since only the overall capacitance of the two areas
has to be maximized in the case of the DRL electrode. The
corresponding equivalent circuit diagram can be seen in
FIG. 5; here, the electrode and stray capacitances are com-
bined to the impedance 7, Two injection signals are fed:
U,z with the angular frequency w, over both areas and U,
with the angular frequency w, over the first area only. The
two parts of the electrode each contain a shunt Z, and 7,
respectively. By measuring the voltage of the shunts, it is
possible to determine the complex currents I, and I, for the
two angular frequencies w, and w,. The shunts should be
selected to be resistive: as the injection signals lie above the
ECG bandwidth, the predominantly capacitive coupling
impedances 7, m, are smaller in relation to the injection
signal than in relation to the ECG signal. However, the
resistive impedances of the shunts remain unchanged. Con-
sequently, these only produce a small voltage drop in the
frequency band of the ECG signal and consequently do not
reduce the effectiveness of the DRL electrode, whereas the
voltage drop in the band of the injection signals becomes
larger and consequently allows a more precise determination
of I.. Moreover, the model has the input impedances Z,,; and
Z..,,»» which model the corresponding parasitic properties of
the amplifiers used for the shunt voltage measurement.

[0053] It should now be shown that the voltage U, w,
present at the patient and the two coupling capacitances
Z 1i1> Way Ly, 05 0f the DRL electrode can be determined
using the voltages U, m, and U_,, @, and U, o, and U,,
w, measured at the shunts. The method with the aid of which
the frequency components ®w, and w, belonging to the
respective injection signals U,,;; and U, can be demodu-
lated from the measurement signal was already described
above. When determining the voltages and the currents with
the index v, the voltage source U,,,, is assumed as a short
circuit, with the index w,-U,,,. For simplification purposes,
the corresponding admittances can be used below instead of
the impedances. Initially, the complex currents should be
determined by way of the coupling impedances. Kirchhoff’s
first law shows:

Lty ™ Yepson Us o™ Winy = Us 0 Yo oy T 1512 (3.16)
Lty = Uspos T Yoy ) (3.17)

U, U,i,-U,

Idrlz,wz:ySz,wz szswz_( iy~ SZsWZ)Y

. (3.18)

[0054] In order to simplify the further calculations, two
assumptions are made at this point:

[0055] The two shunts have such a low resistance in
comparison with the coupling impedances that
U,,,>>U; applies for both electrodes and frequencies.

From here on, U_ is neglected.

[0056] The angular frequencies w, and v, lie so closely
together that
[0057] Y, ,=Y,,., applies for all admittances. From here

on, it is assumed that the admittances are frequency
independent.
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[0058] Kirchhoff’s second law shows:
0o U u _ ldrlzywz ldrlwz (3.19)
T Mdry T i T Y - %
o : Lap, Loy
- Liy, 5 (3.20)
=14 =1 —_—
drly drl) ldr[®

LA @ 6

Y

0=U@ +U, D -U,
@ Xdrll “drly

e
drly gy = U+

(3) indicates text missingor illegiblewhen filed

[0059] Inserting 3.20 into 3.21 and rearranging shows:
v 1 / ldrlzywlldrllywz (322)
Lty = u® Sdrty g laﬂh&

@ indicates text missingor illegiblewhen filed

[0060] The following applies for the voltage U,

[
S8
5]
Rt

I !
. N Sdrly n Sdrly n
UD =U@ - == =
“=drty Xarlz

(@ indicates text missin, gor illegiblewhen filed

[0061] Hence, the two coupling impedances of the DRL
electrode can be determined from 3.22 and 3.20 and the
component of the injection signal present at the biosignal
source can be determined from 3.23.

1. A system for capacitively capturing electrical biosig-
nals from a biosignal source, comprising:
at least one capacitive measurement electrode;
at least one electronic evaluation unit coupled to the at
least one capacitive measurement electrode for evalu-
ating electrical signals from the at least one capacitive
measurement electrode; and
means for monitoring quality of a capacitive coupling
between the at least one capacitive measurement elec-
trode and the biosignal source, wherein the means for
monitoring the quality of the capacitive coupling has
at least two injection electrodes which are electrically
separated from one another for feeding injection
signals into the at least one capacitive measurement
electrode via the biosignal source;
signal generators for producing a first injection signal
and a second injection signal that differs from the
first injection signal, said first and second injection
signals being fed into the at least one capacitive
measurement electrode via the biosignal source by
means of the at least two injection electrodes; and
a determination unit which is configured to determine
the quality of the capacitive coupling between the at
least one capacitive measurement electrode and the
biosignal source on the basis of signal components
contained in the first and second injection signals
received via the at least one capacitive measurement
electrode.
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2. The system as claimed in claim 1, wherein one or more
of the at least one capacitive measurement electrodes is or
are embodied as textile capacitive electrodes embedded in a
textile structure.

3. The system as claimed in claim 1, wherein one or more
of the at least one capacitive measurement electrodes is or
are embodied as flexible capacitive electrodes with conduc-
tive structures, wherein the conductive structures are
embodied as printed structures.

4. The system as claimed in claim 1 wherein only the first
injection signal is fed into one injection electrode of the at
least two injection electrodes and a superposition of the first
injection signal and second injection signal is fed into a
second injection electrode of the at least two injection
electrodes.

5. The system as claimed in claim 1 wherein the deter-
mination unit is configured to determine the quality of the
capacitive coupling on the basis of amplitude values and
phase angles of the signal components of the first injection
signal and of the second injection signal received via the at
least one capacitive measurement electrode.

6. The system as claimed in claim 1 wherein the system
is configured to determine heart rate or a variable of the heart
rate from the biosignal source.

7. The system as claimed in claim 1 wherein measurement
values of currents fed via a first injection electrode and a
second injection electrode of the at least two injection
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electrodes are supplied to the determination unit as input
variables, and wherein the determination unit is configured
to determine the quality of the capacitive coupling taking
into account the measurement values of the currents fed into
the first injection electrode and the second injection elec-
trode by means of the first and second injection signals.

8. A method for determining the quality of the coupling
between at least one measurement electrode of a system as
claimed in claim 1 and a biosignal source, comprising
including the steps of:

a) feeding, with temporal overlap or simultaneously, the
first injection signal and the second injection signal into
the at least one capacitive measurement electrode via
the biosignal source,

b) evaluating the first and second injection signals
received by the at least one capacitive measurement
electrode, and

¢) determining the quality of the capacitive coupling on
the basis of the signal components of the first injection
signal and of the second injection signal received by the
at least one capacitive measurement electrode.

9. A non-transitory storage medium encoded with a com-
puter program configured to carry out the method as claimed
in claim 8, wherein the computer program is executable on
a computer of the system.

* ok %k
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