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SIMULATION OF AN ELECTROMYOGRAPHIC SIGNAL CONVERTER FOR
ADAPTIVE ELECTRICAL STIMULATION TASKS

The subject matter of the article is an electromyographic signal transducer, which are an integral part of devices for adaptive
electrical stimulation of muscle structures based on reverse electromyographic communication. The goal of the work is to study the
features, obtaining the corresponding theoretical relationships and computer modeling of a differential biopotential converter,
providing amplification of the useful component and suppression of harmful interference, the spectra of which intersect. The
following tasks were solved in the article: determining the effect of electrode width and electrode spacing on crosstalk; formation of
the electrode-skin model and the input circuit of the transducer, obtaining theoretical relations for calculating the rejection coefficient,
construction of the transducer circuit and its computer simulation. The following methods were used — methods of mathematical
modeling of processes and technical devices; methods of analysis, structural and parametric synthesis of nonlinear electronic circuits;
methods of machine design. The following results were obtained — a biopotential amplifier circuit with tracking feedback on power
supply is proposed; modeling of dynamic processes by means of the Multisim program was carried out; on the basis of the constructed
model of the electrode-skin input circuit and the obtained analytical relationships, the rejection coefficient of the input circuit of the
equivalent circuit is calculated; the requirements for the signal registration module are formulated. Conclusions: The considered
version of the electromyographic signal converter circuit based on tracking communication on power supply, effectively rejects 50 Hz
common mode noise. On the basis of the constructed equivalent model of the input circuit of the amplifier, the theoretical relation for
calculating the rejection coefficient of such amplifiers. The circuit is simulated in the Multisim program, the results confirmed the
correctness of its functioning. The requirements for the interelectrode distance and the thickness of the electrodes themselves are also

formulated. The results obtained can be used to design complexes for adaptive electrical stimulation.
Keywords: biopotential amplifier; useful signal; interference; muscle; electrode system; simulation; Multisim.

Introduction

Currently, the measurement of electromyographic
(EMG) signals is widely used in clinical practice for the
diagnosis of various diseases. Also, the measurement of
human biopotentials is actively used in prosthetic
technology. The main task is to measure the degree of
tension of an individual muscle. There are various
methods for determining the degree of muscle contraction
[1-2]. But to amplify very weak signals, special
biopotential amplifiers are needed.

Analysis of the problem and existing methods

When developing devices for receiving EMG
signals, it is necessary to take into account a number of
specific features of these devices.

The main difficulty in developing EMG signal
amplifiers is that these signals have a low amplitude (from
20 pV to 2 mV at maximum muscle contraction), while
the useful signal can be superimposed noise, the amplitude
of which can significantly exceed the EMG-signal. It is
necessary to take into account the fact that the amplitude
characteristics of EMG signals for different muscles may
differ significantly, they may have different values in
different people [3-7].

The problem is the effect of 50 Hz guidance on the
useful signal. The situation is complicated by the fact that
the frequency of 50 Hz is in the spectrum of the useful
signal, which has a range of 20-500 Hz. To attenuate this
interference, signal filtering alone is not enough [3].

The next problem includes myographs, which have a
different range of voltage measurement, which makes it
difficult to register the full range of changes in the
amplitude of the useful signal. For example, in the
multifunctional complex for neurophysiological studies

"Neuron-Spectrum-5" the voltage measurement range is 5
uV-50 mV, with a relative error of voltage measurement
in the range from 0.1 to 50 mV - within + 5% [8].

When the signal is diverted from any muscle group,
there may be cross-interference from neighboring muscle
groups. Thus, it is necessary to minimize the mutual
influence of electrical activity of neighboring muscles.
This is achieved by optimal selection of the shape of the
electrodes, the interelectrode distance, the choice of points
of application of the electrodes.

The effectiveness of the rehabilitation process using
electrical stimulation in various skeletal muscle lesions is
determined by the adequacy of stimulating effects. This
applies to both the shape of the effects and the parameters,
such as amplitude, frequency or others. These parameters
are individual not only for the individual patient and the
condition of the muscles, but also depend on the specific
type of muscle. Therefore, it is important to have
electromyographic feedback in the process of electrical
stimulation. Therefore, in systems of adaptive electrical
stimulation it is necessary to provide means of measuring
the electrical activity of muscles. he electromyogram
signal is low-frequency and in-phase interference, which
are located in the spectrum of the useful signal, so special
amplifiers are used to neutralize such interference.
Amplifiers must provide active neutralization due to the
feedback signal supplied to the neutralizing electrode.

The aim of this article is to study and computer
model the differential biopotential amplifier.

Features of electrodes

The correct positioning of the electrodes on the skin
surface is important. To obtain the maximum signal
amplitude, the electrodes are superimposed on the so-

© 0. Yeroshenko, I. Prasol, O. Datsok, 2021



ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2021. No. 1 (15)

called moving points [9].

To obtain a stable electrode-skin contact and to
reduce the impedance of the skin, the skin must be
properly prepared before applying the electrodes [10-11].

Fig. 1 clearly shows the dependence of the amplitude
of the signal on the location of the electrodes over the area
of the studied muscle. With the correct positioning of the
electrodes increases the amplitude of the useful signal,
increases the signal-to-noise ratio, reduces the effect of
cross-interference from neighboring muscles.
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Fig. 1. The dependence of the signal on the place of application
of the electrodes [3]

It is necessary to use electrodes made of materials
that would ensure stable skin-electrode contact for a long
time, and were not prone to polarization effects. In this
case, it is advisable to use electrodes made of silver, silver
chloride electrodes, or gold or platinum [3]. They do not
oxidize, are weakly polarized, but are expensive.

Promising use of capacitive electrodes in which the
conductive layer is covered with a dielectric.

With regard to the shape of the electrodes
themselves, it should be noted that the geometry of the
electrodes affects the amplitude of the signal being taken,
as well as the level of crosstalk. The main parameters are
the interelectrode distance and the area of the surface
occupied by the electrode. Thus, the amplitude of the
removed signal will be directly proportional to the

interelectrode distance, while the bandwidth will decrease
with increasing distance [12].

Fig. 2 presents the dependences of the level of cross-
interference on the interelectrode distance and the width
of the electrodes. These dependences are obtained by
using electrodes with a width of 7.5 and 1 mm and
changing the distance between them.
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Fig. 2. Dependence of the level of cross-barriers from the
interelectrode distance and width of the electrodes [3]

The conductivity of muscle tissues is due to complex
biochemical and biophysical processes. The linearity of
the obtained dependence of the amplitude of the EMG
signal from the distance between the electrodes allows us
to assume that in the inverted range, muscle fiber can be
considered a homogeneous conductor [13].

One of the physiological properties of skeletal
muscles is conductivity, that is, the ability to carry out an
excitation wave. At the heart of the excitation rate is the
rate  of biochemical reactions occurring on cell
membranes. Electric irritation of the muscle fiber leads to
a change in the ion conductivity of the membrane due to
passage through sodium, calcium and potassium channels
of currents of the corresponding ions [14-15].

The structure and features of the electrode-skin
contact

One of the requirements when using surface
electrodes is to reduce the transition resistance of the
electrode-skin. The structure of the electrode-skin contact
is shown in fig. 3.
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Fig. 3. Electrode-skin contact structure
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An equivalent electrode-skin contact scheme can be
represented as follows (fig. 4).

Ces
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) U

U(t) — source of biopotential; Znk — resistance of subcutaneous
tissues; Ces, Zes — capacitance and resistance of electrode-skin
contact; Ze — electrode resistance; Riv — input resistance of the
biopotential amplifier.

Fig. 4. Equivalent electrode-skin circuit

Differential biopotential amplifier

Different transition supports of the electrode-skin
through different channels leads to the fact that the in-
phase interference, which is present on the human body,
acts as a useful differential signal, and then significantly
amplified. Therefore, it is necessary to reduce the transient
resistance to equalize the difference between the
interelectrode potentials.

Construct an equivalent circuit that includes a
transient resistance electrode-skin (Res) and the input
circuit of the differential amplifier (Rd, Rcmi) (fig. 5).
The voltage source Ucmi simulates the presence of in-
phase interference on the human body. The difference in
the transition supports of the electrode-skin is taken into
account by the presence of the correction ARes.
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Fig. 5. Equivalent scheme for calculating the resection
coefficient

Since in practice the relation Rdif »Res is always
fulfilled, then for the potentials of nodes 1 and 2 the
following difference is applied to the input of the
amplifier:

AR
U :¢1_¢2 :UeSZRcmi( =
(Res +ARes +2Rcmi)(Res + 2Res)

). (1)

where ¢, —node 1, ¢, — node 2, U_,; — source of power,
R.. — input circuit of the differential amplifier,

cmi

AR,, — the difference in the transient resistances of the
electrode-skin, R. — transient resistance electrode-

es
skin.Neglecting the values Res and ARes in comparison
with Remi (since Remi»Res), we obtain:

AR
U=U,, —ZR“ : 2

cmi
This difference is a differential signal, i.e.

AR
= Ucmi’
2R,

cmi

Uinair = 3)

and the cophasal signal transfer factor to the output
in the form of a differential:
_ Uin.dif AR

K = —ndf _ AR 4
=0 = om @)

cmi cmi

Taking into account the formula for finding the
coefficient of rejection:

H=—1, (%)

at K, =1 we finally find:

2R,
H =l 6
2R, ©

Thus, the difference in the transition resistances of
the electrode-skin limits the rejection coefficient of the
input circuit. Therefore, in order to reduce the transient
resistance, it is necessary to carefully apply special
pastes.

Biopotential amplifier modeling and signal registration
module requirements

It is advisable to use AD620 chips from
AnalogDevices as an instrumental amplifier, which
requires only one external resistor to set the gain
from 1 to 10000. AD620 has low voltage input
noise and low current input noise, which makes
it a good choice for pre-amplification [16]. The
characteristics of AD620 are given in table 1. Four-
channel operational amplifier ~ AD704  from
AnalogDevices on  bipolar transistors,  which
has a small input bias current, typical of amplifiers based
on BIFET technology (a combination of bipolar
and field-effect transistors), but has a much lower

temperature  drift 1B [17]. The characteristics
of AD704 are given in table 2. Fig. 6 shows an electrical
schematic diagram of the biopotential
amplifier.
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Fig. 6. Schematic electrical circuit of the biopotential amplifier

Table 1. Characteristics of the chip AD620

Name Value
Supply voltage 4.6...36 V
Current of own consumption 900 pA
Programmable gain none
The maximum growth rate of the output signal 1.2 V/us
Operating temperature range -40...85°C
Technical feature of OP Low Power
Frequency of single gain 1 MHz
Noise level 9 nV/Hz

Table 2. Characteristics of the chip AD704

Name Value
Shear voltage 150 uv
Shear voltage drift 1.5 uv/°C
Input bias current 270 pA

Fig. 7 presents the result of modeling the
circuit of the electrical principle of the biopotential
amplifier in the graphic editor of the Multisim
program.

The simulation results confirm the efficiency of the
circuit and allow to obtain the necessary characteristics.

The quality of registration of biosignals is influenced
by many factors, among which the properties of the
electrodes play an important role. Elimination of influence
of antiphase physical obstacles and leads is reached by
reduction of the area of the closed contour formed by
wires of assignments, application of shielding methods.
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Fig 7. The result of simulation in Multisim program

Conclusions

As a result of the research, the scheme of the
biopotential amplifier in the Multisim program was
proposed and tested. The operation of the electric
schematic diagram of the notch filter for attenuation of
network interference is simulated, and also on the basis of
the constructed model of the input circuit electrode-skin

and the received analytical relations the coefficient of
resection of the input circuit of the equivalent circuit is
calculated. The requirements to the signal registration
module are offered and the necessary element base is
selected. Such amplifiers can be used, in particular, to
amplify weak electromyographic signals in diagnostic
devices or monitor the effectiveness of therapeutic
procedures of the human musculoskeletal system.

References

1.
2.

Voelker6 M. (2015), "Implantable EMG measuring system", AMA Conferences.

Pestrikov6 P. P., Pestrikova6 T. V. (2019), "Measuring system for recording signals of surface electromyography of the muscles
of the forearm™ ["lzmeritel'naya sistema dlya registratsii signalov poverkhnostnoy elektromiografii myshts predplech'ya™],
Electronic scientific publication "Scientific notes of PNU", Vol. 10, No. 2, P. 173-180.

Safing D. R., Pilshchikov6 I. S., Urakseeve M. A., Gusev6 V. G. (2009), "Evaluation of the effectiveness of various designs of
electrodes and biosignal amplifiers in prosthetic control systems" ["Otsenka effektivnosti razlichnykh konstruktsiy elektrodov i
usiliteley biosignalov v sistemakh upravleniya protezami"], News of higher educational institutions. Volga region. Technical
science, No. 2 (10), P. 88-101.

Datsok, O. M, Prasol, I. V., Yeroshenko, O. A. (2019), "Construction of a biotechnical system of muscular electrical stimulation",
Visnik of NTU "KhPI". Series: Informatics and modeling, No. 13 (1338), P.165-175. DOI: https://doi.org/10.20998/2411-
0558.2019.13.15

Yeroshenko, O. A., Prasol, I. V., Datsok, O. M. (2019), "Improving the efficiency of devices for electrical stimulation of human
muscles" ["Pidvyshchennya efektyvnosti funktsionuvannya aparativ dlya elektrostymulyatsiyi m'yaziv lyudyny"], Information
technologies: science, technology, technology, education, health: abstracts of the XXVII international scientific-practical
conference MicroCAD-2019, May 15-17, 2019 / for ed. prof. Sokol Ye. I., Kharkiv : NTU "KhPI", P. 21.

117



https://doi.org/10.20998/2411-0558.2019.13.15
https://doi.org/10.20998/2411-0558.2019.13.15

118

ISSN 2522-9818 (print)

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2021. No. 1 (15)
6. Yeroshenko, O. A., Prasol, I. V. (2018), "Information technologies for determining parameters of stimuli of
electromyostimulation ~ systems"  ["Informatsionnyye  tekhnologii ~ opredeleniya  parametrov  stimulov  sistem

10.

11.
12.

13.

14.

15.

16.

17.

elektromiostimulyatsii"], The use of information technology in the training and operation of law enforcement: materials
International. scientific-practical conf. Mar 14-15 2018, Kharkiv, NANGU, P. 122-124.

Barabash, O. V., Radchenko, V. A., Tkachev, V. N., Tokarev, V. V. (2017), "Computer multibiometric system of personality
identification based on a set of biometric features" ["Komp'yuternaya mul'tibiometricheskaya sistema identifikatsii lichnosti po
sovokupnosti biometricheskikh priznakov"], Telecommunication and information technologies, No. 3. P. 64-71.

Sushkova, O. S. (2017), A system for screening early diagnosis of parkinsonism based on the analysis of monitoring parameters
of signals of multichannel electroencephalograms, electromyograms, and muscle tremor [Sistema skriningovoy ranney diagnostiki
parkinsonizma na osnove analiza parametrov monitoringa signalov mnogokanal'nykh elektroentsefalogramm, elektromiogramm i
myshechnogo tremora], Moscow, 114 p.

Slavutsky, Ya. L. (1982), Physiological aspects of bioelectric prosthesis management [Fiziologicheskiye aspekty
bioelektricheskogo upravleniya protezami], Medicine, Moscow.

Kovalenko, A., Kuchuk, H., Lyashenko, O. (2019), "Resource allocation of a multiphase big data processing system with high-
intensity input stream", Control, navigation and communication systems. Collection of scientific works, No. 3 (55), P. 115-119.
DOI: https://doi.org/10.26906/SUNZ.2019.3.115

Luca, De C. J. (1997), "The use of surface electromyography in biomechanics", Journal of Applied Biomechanics, No. 13 (2).
Roy, S. H. (2007), "Electro-Mechanical stability of surface EMG sensors”, Medical and biological engineering and computing,
No. 45.

Osipov, A. N., Bondarik, V. M., Kuznetsov, D. F. (2014), "The influence of interelectrode distance on the energy characteristics
of electromyograms” ["Vliyaniye mezhelektrodnogo rasstoyaniya na energeticheskiye kharakteristiki elektromiogramm'],
International scientific and technical conference dedicated to the 50th anniversary of MRTI-BSUIR, March 18-19, 2014,
materials conf. At 2 h. 2, Minsk, P. 115-116.

Babinkov, V. I. (2017), "To the question of the causes of the variability of the impedance of a contracting muscle during
stimulation impedance myography" ["K voprosu o prichinakh variabel'nosti impedansa sokrashchayushcheysya myshtsy pri
stimulyatsionnoy impedansnoy miografii"], Wounds and wound infections, Journal of them. prof. B. M. Kostyuchenka, No. 4 (3),
P.8-13.

Davydova, N. (2020), "Amplitude-time analysis of biomechanical patterns of human motions", Journal of Engineering Science,
Vol. XXVII, No. 3, P. 169-181.

Analog Devices, Inc. All Rights Reserved, "AD620", available at: https://analog.com/media/en/technical-documentation/data-
sheets/AD620.pdf (lastaccessed 11.05.2020).

Analog Devices, Inc. All Rights Reserved, "AD704", available at: https://analog.com/media/en/technical-documentation/data-
sheets/AD704.pdf (lastaccessed 11.05.2020).


https://doi.org/10.26906/SUNZ.2019.3.115
https://analog.com/media/en/technical-documentation/data-sheets/AD620.pdf
https://analog.com/media/en/technical-documentation/data-sheets/AD620.pdf
https://analog.com/media/en/technical-documentation/data-sheets/AD704.pdf
https://analog.com/media/en/technical-documentation/data-sheets/AD704.pdf
mailto:olha.yeroshenko@nure.ua
https://orcid.org/0000-0001-6221-7158
mailto:igor.prasol@nure.ua
https://orcid.org/0000-0003-2537-7376
mailto:oleh.datsok@nure.ua
https://orcid.org/0000-0003-4489-3819

