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LOW-NOISE AND COST-EFFECTIVE
ACTIVE ELECTRODES FOR DRY
CONTACT ECG APPLICATIONS

Introduction. Active ECG electrodes for daily usable wearable electronics (glasses, headphones) enable making
long-term cardiovascular disease diagnostics available to many people.

Problem Statement. The methods of ECG recording become more accessible over the years. However, on the
way to their general use, even in cases where only reliable registration of the R-wave of the ECG is important,
there are certain difficulties associated with the need to apply special electrodes (eg, silver chloride ones) to cer-
tain parts of the body through wet pads and to perform specific actions.

The problem is solved by using dry electrodes built into the usual devices. However, in this case, a low amplitude
of the useful signal and a high contact resistance (for example, on the surface of the head) do not allow recording
an ECG by conventional means.

Purpose. The purpose of this research is to develop easy-to-use body ECG electrodes that may be built into
everyday appliances.

Materials and Methods. Active electrodes based on flexible conductive materials and high-quality opera-
tional amplifiers have been described. The main parameters of the electronic circuit have been obtained by model
and experimental research. The parameters have been compared with the corresponding characteristics of com-
mercial samples.

Results. Prototype active ECG electrodes have been developed, created, and studied. The obtained results
have shown that the dependence of the input reactance on the frequency plays an important role in terms of the
final signal quality. For a low-amplitude ECG signal, the prototype has shown a signal-to-noise ratio that is
higher by 4.7 dB than that for high-quality commercial electrodes.

Conclusions. The designed electrodes may be used in body devices, on the body parts with a low amplitude of
the useful signal and a high resistance of skin-electrode contact.

Keywords: ECG, active electrodes, dry contact.

According to the World Health Organization, cardiovascular diseases (CVDs) are the most
common cause of death worldwide. About 31% of death toll in 2016 was caused by CVDs [1].
The number of these fatal cases may be significantly reduced by regularly monitoring of the
heart rate, in particular by recording the ECG in everyday life routine.
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Typically, wet electrodes with an electrically
conductive gel between the skin surface and elec-
trodes made of Ag/AgCl are used for clinical and
research needs. Sometimes the skin surface needs
to be prepared or even shaved before applying the
electrode to the skin. This is necessary to achieve
the lowest contact resistance and the best signal-
to-noise ratio of the recorded signal and to disre-
gard the motion artifacts for preserving the shape
of the QRS complex, P and W waves for the fur-
ther analysis by specialists or automated systems.
However, such a signal quality is not required for
home use, fitness or sports, where recording an ECG
with a clinical signal quality level can be very dif-
ficult because of the limited shelf life of wet elect-
rodes, the relatively complicated and inconvenient
process of connecting passive electrodes. It is es-
pecially relevant during long recordings, when wet
electrodes may start to get dried on warm skin,
which significantly increases the contact resistan-
ce with the skin and reduces the signal-to-noise
ratio. The surface of the patient's skin may become
irritated, itchy, red, and even suffer from an aller-
gic reaction [2]. Electrodes with a dry skin con-
tact are increasingly being used to address these
problems. Dry electrodes greatly simplify the ECG
signal recording, making this process more acces-
sible to ordinary users. Such electrodes may be ma-
de of special flexible textiles that conduct electri-
city. This allows integrating them into everyday
household items, such as clothing [3], glasses,
headphones, furniture [4, 5, 6, 7] or even seat belts
and car driver seats [8, 9]. One of the signifi-
cant differences between wet and dry electrodes
is that in the case of the use of dry electrodes, the
skin-electrode contact improves over time as com-
pared with worsening contact in the case of wet
electrodes [10].

Nevertheless, the dry electrodes have their draw-
backs, such as: a high resistance of the electrode-
skin contact as compared with the wet electrodes
and a high sensitivity to motion artifacts. The high
skin contact resistance may be compensated by in-
creasing the input resistance of the electrode by
using active electrodes with a built-in field-effect
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transistor or operational amplifier (OpAmp). The
sensitivity to motion artifacts may be reduced by
using active electrodes with a built-in accelero-
meter [11, 18] and additional pulse wave remo-
val methods, for example photoplethysmography
(PPG) [12] or ballistocardiography (BCG) [13]
to increase the chances of registration of R-peaks
in a noisy signal.

Starting with 1887, when the first ECG was pub-
lished by D. Waller [14], and until 1964, saline was
a mandatory component for ECG recordings as
an electrolyte. This was because of the input resis-
tance of the cardiographs in several MOhm and
the observance of traditions. As late as in 1964,
D. Lewes [15] tried to record an ECG without the
use of electrolyte and without careful prepara-
tion of the skin before wearing passive electrodes.
Four years later, isolated dry electrodes made of
anodized aluminum and a field-effect transistor,
as a converter of input impedance that exceeded
1 TOhm were introduced [16].

Since then, the quality of ECG recording with
the use of dry electrodes has improved signifi-
cantly. According to T. Kosierkiewicz [17], the
dry electrodes made of a mix of silicone and silver
filler may outperform classic the wet electrodes, pro-
viding less resistance between the skin and the
electrode. In addition to silicone, the leading in-
terface may be a fabric with the addition of a thin
metal thread. In [18], Xiang An Ta George K. Sty-
lios have presented the optimal dry electrodes ba-
sed on textiles in the size of 2x4 cm, which allow
recording an ECG with as good quality of a signal
as in the case of the wet electrodes. In addition to
that, there are methods for taking an ECG even
without any contact with skin.

Active electrodes may be divided into the two
types: the contactless (or insulated) and the con-
tact (or non-insulated) electrodes. In the case of
contactless electrodes, biopotentials are measured
remotely at a distance from several tenths of a mm
to one meter [23]. The input impedance may reach
POhms. However, the input of such electrodes acts
as an antenna that receives any surroundings elect-
ric and magnetic fields, which leads to decreasing
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Fig. 1. Block diagram of the ECG recording system

of the signal-to-noise ratio. In addition, often the
contactless electrodes do not have amplification
at all, which requires an additional amplifier. The
active contact electrodes have a much lower in-
put impedance with an upper limit of up to tens
GOhm [24], they are in a galvanic contact with
the skin. There may be resistors or capacitors con-
nected in series between the skin and the input of
the amplifier. If they are input capacitors, such
electrodes are called AC-Coupled, if, instead of ca-
pacitors, resistors are used, such electrodes are
DC-Coupled. The AC-Coupled electrodes allow
removing the bias voltage, this enables increa-
sing the gain of the first stage, but, on the other
hand, it reduces the input resistance. In this re-
search, our own circuit of the active AC-Coupled
electrodes using free software and entry-level tools
has been developed.

The purpose of this research is to develop a pro-
totype active electrodes for ECG recording from
the surface of the human scalp at low signal le-
vels, which makes sense when embedding ECG
recording in everyday appliances, such as head-
phones or glasses. To achieve this goal, it is neces-
sary to solve the following tasks:
¢ to build a basic scheme of the active electrode

circuit;
¢ to calculate the frequency of the built-in band-

pass filter;

N4

¢ to make model studies of the circuit;

¢ to build the first prototype of the designed cir-
cuit;

¢ to measure the actual characteristics of the
prototype;

¢ to build an installation for experimental stu-
dies of the main characteristics and parameters
of the prototype;

¢ to check in practice the operability of the de-
signed device by recording ECG signals from the
temporal parts of the head in different people;

¢ to compare the designed solution with modern
high-quality commercial active ECG electrodes.

The existing commercial electrocardiographs
have a signal amplification factor, usually up to
200 V/V. This is not enough to record the signal
from the surface of the scalp since such a signal
needs to be amplified 7000—10000 times [25]. A
modular recording system has been created to re-
cord such a weak signal.

The recording system consists of a microcont-
roller, active electrodes under test, an instrument
amplifier, filters, and an amplifier for matching
the resistance and an input voltage range of the
ADC (Fig. 1).

The recording system is based on CoreH7431
board made by Waveshare Electronics. STM-
32H74311T6 ARM Cortex-M7 microcontroller
from STMicroelectronics is installed on this board.
Microcontrollers STM32H7 have the three suc-
cessive approximation registers (SAR) ADC with
16-bits resolution, 77 dB signal-to-noise ratio
(SNR), and 87 dB Total Harmonic Distortion
(THD) for single-ended ADC [26, 27]. To get the
effective number of bits (ENOB), this ADC SI-
NAD (signal-to-noise and distortion ratio) shall
be calculated first, with the use of formula (1).
After the SINAD calculation, ENOB may be found
from formula (2). It gives around 12.4 bits ENOB.
It more than two bits higher than the ENOB
STM32F7 family microcontrollers that provide
10.4 bits for 12 bits ADC, 65 dB SNR and 72 dB
THD [28].

SINAD = —10log,, (10 SNR/10 + (- THD/10) (1)
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Where SINAD is signal-to-noise and distor-
tion ratio, SNR is signal-to-noise ratio, THD is
total harmonic distortion.

_ SINAD — 1.76
ENOB cor 2)

Where ENOB is effective number of bits, SINAD
is signal-to-noise-and-distortion.

To increase SNR of the microcontroller ADC,
the oversampling method is used. Oversampling
or averaging 4 samples to one sample improves
SNR by 5 dB, which may theoretically increase
ENOB from 12.4 to 13.1 bits. With this resolu-
tion, the embedded ADC of the microcontroller
may be used to record ECG signal.

A special amplifier based on Microchip
MCP6024 has been created to amplify the ECG
signal. MCP6024 has 2.5—5.5 V power supply
range, 500 uV input offset, wide common-mode
input range from VSS — 0.3 to VDD + 0.3, low
THD 0.005%, 2.9 uVpp input noise at 0.1—10 Hz,
and 60 nV /NHz input noise voltage density at 10 Hz.

The created amplifier contains a notch filter
with —80 dB rejection of 50 Hz mains interferen-
ce noise and low pass filter with cut-off frequency
of 40 Hz. The combination of these filters makes
a roll-off frequency response with a 40 dB per de-
cade slope. This filter configuration ensures the
removal of high-frequency noise, as well as mains
interferente noise and unwanted biosignals such
as electromyographic noise which appears at 10 Hz
and reaches several hundred Hz [29].

The cutoff frequencies of the filters are chosen
on the basis of several factors. The first of them is
the frequency of the power line of the country
where the experiments are carried out, and the
second is the known frequency spectrum of the
ECG signal. According to M. Allen [30] who was
one of the first researhers to calculate the frequ-
ency spectrum of ECG signals 60 years ago, more
that 98% of the total spectrum does not exceed
90 Hz. In 1984, V. Thakor, G. Webster, and J. Tomp-
kins [31] have developed a selective filter with
a center frequency of 17 Hz and a quality factor
(Q) = 5 to maximize the amplitude of R peaks.
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According to the Nyquist — Shannon — Kotel-
nikov theorem, the sampling frequency of the re-
cording system shall be two or more times higher
than the component of the maximum frequency
of the recorded analog signal to be able to recover
all recorded information. Therefore, an 80 Hz samp-
ling rate is sufficient to collect basic information
about the QRS complex, but most existing elect-
rocardiographs have a sampling rate up to 500 Hz
to record all information from the high-frequency
components of ECG signal. For this research, we
use a sampling rate of 1000 Hz (4000 Hz for quad-
ratic oversampling) to be able to record R peaks with
an accuracy of up to 1 ms for future HRV analy-
sis. The amount of generated data is 2000 bytes
per second, or 120 KB per minute. A 2 GB SD card
connected to the microcontroller via the SDIO
interface is used to store the raw recorded data.
The C/C ++ programming language is used to de-
velop STMH743IIT6 microcontroller software.
STM32CubelDE provided by STMicroelectro-
nics is chosen as IDE (integrated development
environment). The STM32CubeMX graphical con-
figuration tool is used to configure all 178 pins of
the STMH74311T6 microcontroller.

Skin-Electrode Contact

According to Xiang An and George K. Stylios [18],
flexible textile fabric with integrated silver threads
may provide contact quality at the level of stan-
dard wet electrodes. Therefore, as a conductive
interface between the skin and the active elect-
rodes, a similar flexible textile material is used,
but with a Ni/Cu coating that has similar proper-
ties but is much cheaper. Achieved skin-electrode
contact impedance is 10—15 MOhm after elect-
rode installation and drops to 5—8 MOhm in a
few minutes.

Development of Active ECG Electrodes

The nature of biosignals, such as ECG, EMG or
EEG, requires a fairly wide range of supply vol-
tage of the active electrodes. This is usually a bi-
polar power supply. In this research, two CR2032
batteries with a maximum voltage of 3 V are used
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LMP7701

— Fig. 2. Active electrode circuit

as a power source for the active electrodes.
LMP7702, a dual amplifier, is chosen as the basis
of the active electrodes because of a high input
resistance, an ultra-low noise, and a wide range
of supply voltage and input voltage.

The purpose of creating active electrodes in
this research is to measure the ECG from non-
standard leads of the human body, such as the
Mastoid Area, the temporal bone behind the ears.
The main frequency components of the ECG sig-
nal usually range within 0.1—100 Hz. Anything
that exceeds this frequency range may be conside-
red potential noise. Based on this, it has been de-
cided to built-in a bandpass filter to eliminate all
types of noise as soon as possible before the signal
arrives at the input of the instrument amplifier.

The cutoff frequency of the low-pass filter should
be approximately 100 times higher than the fre-
quency of the useful signal to prevent a decrease
in the amplitude of the useful signal. In turn, the
cutoff frequency of the high-pass filter should be
100 times less than the frequency of the useful sig-
nal. It has been assumed that the central useful
frequency of the ECG signal is 20 Hz. Therefore,
the frequency range of the bandpass filter is from
0.2 Hz to 2 KHz. This frequency range allows us
to ignore the DC voltage offset and to reject the
main frequency components of the ECG without
a significant distortion. Formulas (4) and (5) are
used to find the required components and cutoff
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frequencies of the bandpass filter, and formula (1)
is used to find the gain.

Micro-Cap 12 software is used to model the ac-
tive electrode circuits. The active electrode diag-
ram drawn with the Micro-Cap 12 circuit editor
is shown on Fig. 2.

The Micro-Cap 12 modelling tool allows a com-
prehensive analysis of the circuit. It is used to si-
mulate the operation of active electrodes on AC
currents and to obtain the frequency characteris-
tics (Figs. 3 and 4) and the dependence of the in-
put resistance on frequency of an input signal
with added parasitic capacitance and resistance
(Fig. 5). The spectral noise density is calculated
as well (Fig. 6).

A=1+RI1/R2. (3)
Where A, is electrode gain.
B 1
Fur™ 57 VRORSC2CT )

Where F, . is the cutoff frequency of the high
frequency filter.
B 1
Frne™= 21 VR2C3 V27rR6R1C5C6” ©)

Where F, .
pass filter.

The active electrodes (Fig. 2) do not have a re-
turn path for the bias current because OpAmp
LMP7702 has a very low bias current of 200 fA,

which allows the circuit to operate for approxi-

is the cutoff frequency of the low
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mately 15 days continuously before entering the
saturation mode to one of the two supply volta-
ges. This scenario is not possible in this case, be-
cause the operation time of the circuit is limited
to 8 working hours of the laboratory.

To avoid the problem of saturation of OpAmp,
there are several known methods such as the use
of a transistor switch [19] that may be activated
when detecting the saturation mode on the out-
put of the circuit. There is also a way to use in-
verted diodes [20] or to use the disadvantages of
printed circuit boards to provide a small parasitic
current [21]. The same effect may be achieved by
wrapping an enameled wire around the OpAmp
input [22]. In the further research, we will use one
of these methods to manufacture the next ver-
sion of the active electrodes.

Measurement of Amplitude-Frequency
Characteristics and Input Resistance
of Active Electrodes

The main characteristics of the active electrodes
include gain, amplitude-frequency response, and
input resistance. Measurement of these charac-
teristics allows us to compare the designed elect-
rodes with analogs. To this end, an automated tes-
ting system to measure characteristics of the ac-
tive electrodes has been built (Fig. 7). An arbitrary
signal generator FY6800 with a maximum frequen-
cy of the generated signal of 20 MHz and a USB
interface is used as an input signal generator. Ri-
gol DS10547 digital oscilloscope is used as an os-
cilloscope to measure the output signal of the test
electrode (device under test (DUT)).

In order to measure the input resistance of the
electrodes, a switchable resistance Rt from 0 to
100 MOhm is included in the testing circuit. This
allows us to measure the amplitude-frequency re-
sponse of the electrode with a closed Rt (Rt = 0)
and the input resistance at maximum Rt (Rt =
=100 MOm) with the use of formula (6).

To reduce the amplitude of the induced exter-
nal noise, the active electrodes, the resistor Rt, and
the batteries of the active electrodes are placed
in a Faraday cage made of 10-layer aluminum film
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Fig. 7. Block diagram of the automated testing system. (Whe-
re DUT is device under test, PC is personal computer)

and cardboard. The conductive surface of the Fara-
day cage is connected to the ground of the system.

To automate long-term measurements, a signal
generator and an oscilloscope are connected to a
personal computer that controls the process via
USB and Ethernet by executing scripts described
in the Python programming language. This soft-
ware is based on modified project DS1054Z_ Bo-
dePlotter [34] and FY6XXX library. This project
enables measuring the frequency response at a fre-
quency of 0.01 Hz and calculating the input resis-
tance of the DUT.

V2
R,=R, ‘/14‘/;‘/2 : (6)
tAB

The formula for calculating the input resis-
tance of the active electrode given the non-uni-
formity of the frequency response of the active
electrodes.

Where R, input resistance, A (F) is the measu-
red gain of the electrode at a specific frequency F,
V, is the obtained voltage amplitude of the sig-
nal generator, V, is the obtained amplitude of the
output voltage of the electrode.

Recording of ECG

Recording a standard ECG from human limbs is a
well-studied process that may be performed with
the use of passive electrodes without active elec-
trodes and primary amplification of a signal. Re-
cording an ECG from the scalp is more compli-
cated and interesting from the point of view of wea-
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rable electronics, which requires the use of active
electrodes with high input resistance and gain,
because the ECG voltage on the scalp is about tens
of puV, as compared with mV in standard ECG.

Winokur [25] has shown that the optimal place
to record the ECG from the surface of the head is
the Mastoid Area of the temporal bone behind
the ears. We use this place for real-world tests of
active electrodes and ECG recording for the ex-
periment.

ECG signal is recorded for a group of 5 pa-
tients, 3 women and 2 men with an age from 25 to
53 years. Two active electrodes are located on the
temporal bones of the skull behind the ears on
both sides of the head. Each electrode has two
contacts with the skin, the signal and the ground.
The signal is recorded on the subjects under the
same conditions, with the same settings of the
gain, frequencies of analog and digital filters of
the system. During the recordings, we change
only the active electrodes (the commercial sam-
ples (Plessey PS25255) and the electrodes of
own design based on OpAmp LMP7702) and the
head position.

Data Processing

The collected data has been analyzed with the
use of PyCharm Community Edition IDE with
Anaconda plugin, free to use IDE (integrated de-
velopment environment), and Python program-
ming language. Each recorded ECG signal is fil-
tered by a digital bandpass filter with a frequency
range from 5 to 30 Hz to isolate the main frequen-
cy components of the signal.

To obtain the signal-to-noise ratio of recordings,
the modified Pan-Thomkins algorithm in Python
programming language [32] has been used for re-
gistering R-peaks. This allows the amplitude of the
signal and the amplitude of the noise to be calcu-
lated automatically to find the signal-to-noise ra-
tio by formula (7).

SNR = 20log,, 4

T (7)

Where A_is amplitude of a signal, A, is ampli-
tude of a noise.
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Measured Gain and Frequency
Response of Active Electrodes

Fig.8. features the frequency response of the ac-
tive electrodes as obtained by the automated
testing system. The obtained data show the dif-
ference between the practical frequency response
and the simulated frequency response of the de-
signed active electrodes (Fig. 8).

The first difference is the gain error because of
the specific selection of resistors in the feedback
circuit. The second difference is the error of 10%
and 20% of the capacitors in the network of low-
pass filters. They are selected in pairs to match
each other in each of the two electrodes. The fre-
quency response of the high-pass filter perfectly
matches the computer model.

The Plessey PS25255 gain error is 15% and pro-
vides only 8.5V /V gain out of the required 10 V/V
from the Plessey Semiconductor datasheets [33].

Our experimental data have indicated that the
cutoff frequency of PS25255 electrodes is 350 kHz,
as compared with 20 kHz from the datasheets.
They also have an undocumented frequency res-
ponse unevenness of about 2 V/V that is appro-
ximately 25% of the total gain.

Input Resistance of Active Electrodes

Fig. 9 shows the results of measuring the input
resistance of the electrodes. The measured impe-
dance of the electrodes PS25255 is 15 GOhm at a
frequency of 10 Hz, as compared with 260 MOhm
for the electrodes based on OpAmp LMP7702
with the same frequency (Table 1). However, at a
frequency of 100 Hz, the input resistance of the

Table 1. Measured Input Resistance
of the Active Electrodes

Input impedance, MOhm
Frequency, Hz
PS25255 LMP7702
1 37000 736
10 15000 260
100 300 110
1000 20 6.5
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active electrodes PS25255 drops 50 times as com-
pared with a 2.36-times decrease for the electro-
des based on OpAmp LMP7702, which indicates
a significant advantage of the latter in this respect.

ECG Recording from
the Surface of a Human Head

Measurement type 1 (Table 2) corresponds to the
sitting body positions where the muscles of the
neck and the back do respond to the load and
cause noise in the ECG signals. Measurement
types 2 and 3 correspond to the position of the
head placed on a headrest, which increases the re-
duction of the noise amplitude and improves the
signal-to-noise of the recorded signal.

Fig. 10 shows a view of the ECG signal recorded
from the surface of the scalp. As one can see from
the graph, the maximum amplitude of the useful
signal obtained from the electrodes PS25255 is
about 200 pV that is 16.5 times higher than the
amplitude of the signal obtained from the desig-
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Fig. 10. View of ECG signal recorded
parts of the head

ned OpAmp LMP7702 based electrodes. This
confirms the results of the measured input resis-
tance of the electrodes at frequencies between 10
and 20 Hz. In this case, the recorded signal for
a group of people indicates the advantage of the
designed electrodes in terms of signal-to-noise
ratio. The designed electrodes do not have a lar-
ge distortion of the QRS complex of the ECG sig-

Table 2. Measured Signal-To-Noise
Ratio of the Active Electrodes

Mean SNR (SD), dB
Number | Subject | Type
Plessey LMP7702
1 1 1 7.04 (2.83) 10.43 (3.04)
2 1 2 7.04 (2.91) 13.97 (3.83)
3 1 3 9.18 (3.54) 11.28 (4.63)
4 2 1 6.44 (2.56) 17.0 (3.6)
5 2 2 7.46 (2.66) 16.41 (4.11)
6 2 3 9.89 (3.11) 15.96 (4.11)
7 3 1 6.3 (2.68) 7.12(2.65)
8 3 2 8.01 (3.56) 9.34 (2.83)
9 3 3 6.8 (3.1) 7.54(2.93)
10 4 1 5.41(1.82) 16.87 (2.22)
1 4 2 5.86 (2.2) 18.3 (1.98)
12 4 3 7.38 (3.72) 17.81 (1.96)
13 5 1 10.75 (4.06) 13.37 (2.12)
14 5 2 7.79 (3.9) 12.55 (1.71)
15 5 3 7.74 (3.69) 14.93 (1.97)
120

Time, s

from electrodes placed on the temporal

nal and allow detecting the R peaks with greater
accuracy than the signal obtained from the com-
mercial electrodes.

The gain of the designed electrodes, as measu-
red experimentally, is 11 V/V, as compared with
10 V/V obtained on the model. This 10% gain er-
ror is explained by the specific selection of feed-
back resistors R1 and R2. The pair of built-in elect-
rodes has the appropriate components. The accu-
racy of resistors is about 0.1%, that of capacitors
is about 1%.

Although the Plessey PS25255 has a higher in-
put resistance and a higher amplitude of the out-
put signal, the overall SNR of the recorded signal
is slightly better in the case of the designed elect-
rodes. The difference in SNR may be explained by
a huge input impedance of PS25255 that acts
as an antenna.

Uneven input resistance of the active elect-
rodes Plessey PS25255 leads to a distorted sha-
pe of the QRS complex. Higher input resistance
(15 TOhm) of the electrodes at low frequencies
within tens of Hertz, as compared with lower in-
put resistance (300 MOhm) in hundreds of Hertz,
leads to a significant increase in the amplitude of
the low-frequency components of the signal. Thus,
the effect of the low-pass filter manifestes itself,
as the R-peak becomes several times wider than it
actually is. The proposed active electrodes based
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on the OpAmp LMP7702 have a more uniform in-
put resistance depending on the frequency (Fig. 9)
than the PS25255 electrodes. This ensures uni-
form amplification of all frequency components
of the signal. Also the designed electrodes have
a linear phase response (Fig. 4) in the frequency
range of the useful signal and a low noise level
(Fig. 6) that provides high-quality signal recording.

Despite a relatively low input resistance of the
designed electrodes, they have a better signal-to-
noise ratio than the commercial PS25255. The
total signal-to-noise ratio of the designed electro-
des is by 2—14 (4.7) dB higher than that of the
commercial PS25255. Such a low SNR of the re-
corded signal from the PS25255 electrodes may
be explained by the modification of the electrode
housing as well as by a large contact area and
length of the unshielded wire between the elect-
rodes and the skin.

In this research, a schematic diagram of the ac-
tive electrode for ECG signal acquisition has been
developed, model studies of the circuit have been
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MAJIOITYMHI 1 EKOHOMIYHI AKTUBHI
EJERTPOAN AJIA CYXNX KOHTAKTHUX EKT

Beryn. Axtusni EKT-enextponu s HaTiibHOI €JIEKTPOHIKM MOBCAKACHHOTO BUKOPUCTAHHS (OKYJISIPH, HABYITHHKH)
JIO3BOJISIIOTH 3POOUTH JOBIOCTPOKOBY JIIATHOCTUKY CEPIEBO-CYIMHHUX 3aXBOPIOBAHD JIOCTYIIHOIO OaraThboM JIHO/SIM.

IIpoGaemarnka. 3acobu Ta Metoan 3usATTss EKI' 3 pokamMu ¢TaioTh AOCTYMHIIIMMI. AJie Ha MIJIAXY 10 BUKOPUCTAHHS iX TITH-
POKMM 3arajioM, HaBiTh y BUIIaKaX KOJIM MAa€ 3HaUYeHHs Jinlie HaziliHa peectpaitis R-3y6us EKT, € nesni tpyaHoi, mos’sizami
3 HEOOXIIHICTIO HAKJIalaTH ClIelliajibHi eJIeKTPoAN (HAIPUKIIa/L, XJ0PCPIOHI) Ha TI€BHI AIJISHKY Tijla uepes BOJIOT IPOKJIaJKK
Ta BUKOHAHHS KOHKPETHUX YMOB a60 il 3 60Ky JIOANHN.

[Ipo6iema BUPILIYETHCST BUKOPUCTAHHIM CYXUX €JIEKTPO/IiB, BOYJIOBAHUX Y 3BUYHI Vst JIOAUHU TIPUCTPOIL. AJie B [[bOMY
BMIIQJIKY HU3bKA aMILJIITY/Ia KOPUCHOTO CUTHAJY TA BEJIMKHUI OIip KOHTAKTY (HAIPUKJIA/], HA TIOBEPXHI FOJIOBN ) HE JI03BOJIATD
susitu EKT 3Buuaiinimu 3acobamu.

Mera. PospoOka jierkux y sacrocyBanti HaTiibiux EKT-esnekrpois, ki MoKyTh OyTu BOyAOBaHI Y HOBCSKAEHH] 100y~
TOBI TPUJIA/IN.

Marepiam it MeToau. AKTUBHI e1eKTPou Ha 6a3i THYUYKUX €JIEKTPOIIPOBIIHUX MaTePiasliB Ta BACOKOSIKICHUX OllePaIiiiHIX
IiICUJTIOBAYiB; METOM MOJIEJIBHUX Ta CKCIIEPUMEHTAIbHUX IOCII/KEHD /Il OTPUMAHHS XapaKTEPUCTUKU eJIEKTPOHHOI cXe-
MWU; METO/I TIOPIBHSHHSA 3 BI/IIOBIIHUMM XapaKTePUCTUKAMKU KOMEPIIIHUX 3pa3KiB.

Pesyasratu. Po3pobiero, cTBOpeHo Ta anpo6oBaHo npoToTuil akTuBHUX EKT-e1eKTpoIis, siki 103BOJISIOTH TOCATTH MO-
crasiienoi Metu. OTpuMani pesyJibTaTi CBi4aTh I1PO 3HAYHY POJIb XapaKTepy 3a/IeKHOCTI BXiZIHOTO PEaKTUBHOTO ONOPY BijL
YaCTOTH Ha SKICTh KiHIeBoro curnaiy. Jug auzproammtityinoro EKT curaamy mpototun nokasas Ha 4.7 1b kparie criiB-
Bi/THOTIIEHHST CUTHAJI/TIIyM TTIOPIBHSTHO 3 IKICHUMM KOMEPIIIHIMH eJIeKTPOTaMI.

Bucuosku. Po3po6iieHi esieKTpoau MOKyTh OyTH BUKOPUCTAaHI y HATIIBHUX [IPUCTPOSIX, HA [IJISIHKAX Tijla 3 HU3BKOIO
AMIIITY/I010 KOPUCHOTO CUTHAJY Ta BEJIMKUM OIIOPOM KOHTAKTY HIKipa—eJeKTPO/I.

Kmouoei cnosa: EKT, aktuBHI enexTpoan, CyXuit KOHTAKT.
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