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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-
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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

Riv

) 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.

2Res @
2Remi
[]R" I—_L
2Remi

Res+ARes o -|—

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.
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MOJAEJIOBAHHA IIEPETBOPIOBAYA EJIEKTPOMIOT PA®IYHOI'O CUT'HAJTY
JIJIS 3ATTAY ATJANITUBHOI EJTEKTPOCTUM Y JIALIT

IIpeaMeToM IOCHIMKEHHS B CTAaTTi € MEPETBOPIOBadi eJIeKTPOMiorpad)iqHOro CHrHaiy, siKi € CKJIaJ0BOI0 YaCTHHOIO MPUCTPOIB IS
aJanNTHBHOI EJIEKTPOCTUMYJIALII M'S30BUX CTPYKTYp Ha OCHOBI 3BOPOTHOTO eNeKTpoMiorpagiuHoro 3B'si3ky. Meta poOoTH —
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JOOCITI/DKEHHST  0COONMBOCTEH, OTPUMaHHS BIANOBIIHMX TEOPETHYHMX CIIBBIIHOIIEHb Ta KOMIT'IOTEPHE MOJCTIOBAaHHSI
I epeHIifHOTO0 MepeTBoproBada OiOMOTeHMiaNiB, 0 3a0e3Medye IiJCHICHHS KOPUCHOI CKJIaO0BOI 1 NMPUIITYINICHHS HEeperiko.y,
CIEKTPH SIKUX IIEPeTHHAIOTHCA. B CTAaTTi BHPINIYIOTBCS HACTYNHI 3aBJAHHS: BH3HA4YCHHS BIUIMBY IIMPHUHU EJIEKTPOMIB 1
MDKEJISKTPOIHOI BifICTaHI Ha MHepeXpecHi Hepermkony; (opMyBaHHS MOJEINI €IeKTPOA-IIKipa 1 BXIZHOTO Kojla IepeTBOpIOBaua,
OTPUMaHHS TEOPETHYHHX CIIBBIIHOIIEHb U PO3paxyHKy KoedimieHTa pexekIii, moOynoBa CXeMH IepeTBOproBada Ta il
KOMIT'IOTEpHE MOJECTIOBaHHA. BUKOPHCTOBYIOThCS Taki METOAM: METOAUW MAaTEMAaTHYHOTO MOJETIOBAHHS MPOLECIB 1 TEXHIYHUX
HPHUCTPOIB; METOAM aHaN3y, CTPYKTYpPHOTO i HAapaMETPUYHOIO CHHTE3y HENiHIMHHX ENEeKTPOHHHX CXeM; METOJIH MAIIMHHOTO
npoekTyBaHHA. OTpUMaHO HACTYNHI pe3yJbTAaTH: 3alPONOHOBAHO CXEMY MiACHIIOBa4a O1OMOTEHIANIB, IO CTEKUTh 3BOPOTHUM
3B'SI3KOM [0 JKUBJICHHIO; MPOBEICHO MOJETIOBAHHS AWHAMIYHMX HpoleciB 3acobamu mporpamu Multisim; mocmimkeHo cxemy
TiiciiIIoBada OiomoTeHIiaNiB y mporpami Multisim; Ha OCHOBI OOYIOBaHOI MOJENI BXiHOTO KOJA eJNEKTPOA-IIKIpa i OTPHMaHMX
aHAITHYHAX CHIBBIIHONICHH PO3PAaXOBAHO KOCPIMIEHT PEXEKIlii BXiJHOTO KOJIa CKBIBaJICHTHOI CXeMH; COPMYIHOBAHO BHMOTH JIO
MOJYJIIO peecTpalii curHamy. BucHoBKH: Po3risHyTHI BapiaHT cXeMH IepeTBOpIoBada eleKTpOMiorpadiyHOro CUrHaIy Ha OCHOBI
3B'I3Ky, IO CTEXKHTH IO JKUBIICHHIO, J03BOJIsie edekTHBHO racutu cuH(pasHy mnepemxoxy S50 I'm. Ha ocHoBi moOymosaHoi
€KBIBaJICHTHOI MOJIEJi BXiHOTO KOJa IiJCHIIIOBaYa OTPUMAaHI TEOPETHUYHI CIiBBIAHOLICHHS IJIs PO3PaxXyHKy KoedillieHTa peskeKil
Takux migcumoBadiB. CxemMa MpOMOJENbOBaHA B cepefoBuile mporpamu Multisim, pe3ysibTaTé MiATBepAWTH e(pEeKTHUBHICTD il
¢byukuionyBanns. CHopMyIb0BaHO BUMOTH J0 MDKEIEKTPOAHOI BiACTaHi i TOBLIMHHM caMuX eneKTpoaiB. OTpumaHi pe3yiabTaTtu
MOYTh OyTH BUKOPUCTaHI1 Ul IPOEKTYBAaHHs KOMILIEKCIB aIallTUBHOI eIEKTPOCTHUMYJISLII.

KmrouoBi cioBa: mincwmroBad 0iomoTeHMiaiB, KOPUCHUH CHTHAN; IEPENIKOa, M's3; CHCTeMa eJIeKTPOIIB; MOJETIOBAHHS,;
Multisim.

MOJAEJUPOBAHUE NPEOBPA3OBATEJIS JTEKTPOMUOI'PA®PUYECKOI'O
CUT'HAJIA JIsA 3AJJAY AJAIITUBHOMU JEKTPOCTUMYJIALIUN

IIpenmMeToM ucciieoBaHUS B CTAaThe SIBISAIOTCS IPe0Opa3oBaTeNd MJIEKTPOMHUOTpahUIecKOro CUrHala, KOTOPBIE SIBISTIOTCS. COCTaBHOIM
YacTbIO0 YCTPOWCTB ULl aJalTUBHOM 3JIEKTPOCTUMYJISILIMH MBINIEYHBIX CTPYKTYp Ha OCHOBE OOpaTHOW 3JIEKTpOMHOTpaduiecKoi
ces3u. lleap paboTel — WccienoBaHWE OCOOEHHOCTEH, IIONy4YEeHHE COOTBETCTBYIOIIMX TEOPETHYECKHX COOTHOIICHHH U
KOMIIBPIOTEPHOE MOZAEIHpOBaHKe A PepeHINAIBFHOTO peodpa3oBareiss OHOMOTEHIINATIOB, 00ECIICYNBAIONIETO YCHIICHHE TTOJIE3HOU
COCTaBJIAIIONICH M IOJAaBICHUE BPEIHOII IMOMEXH, CIIEKTPHI KOTOPBIX IEpPECceKaloTcs. B CTaThe pelatoTcs CIeAyIONHe 3aJadM:
OIIpeJIeICHUE BIUSHUS IIHUPUHBI SJIEKTPOIOB M MEXIIEKTPOAHOTO PACCTOSHUS Ha MEPEKPECTHBIE MOMEXH; (OPMHUPOBAHUE MOJCIH
9NEKTPOA-KO’Ka M BXOAHOM Ienu npeoOpas3oBarels, IOMyYCHHE TEOPETHYECKHX COOTHOLICHMH Iy pacyera KoddduimeHTa
PEKEKIUH, TTOCTPOCHHE CXEMBI Ipeolpa3oBarellsi M ee KOMIIBIOTEpHOE MoJenupoBaHue. VICIONB3yrOTCS CleAyIolmue MeTOAbI:
METOJBl MaTeMaTH4YeCKOTO MOJEIHPOBAHHUS IIPOIECCOB M TEXHHYECKHUX YCTPOWCTB; METOIbl aHAIN3a, CTPYKTYpHOTO U
MapaMeTPUIEeCKOr0 CHHTE3a HENMHEHHBIX 3JIEKTPOHHBIX CXEM; METOJbl MAaIlMHHOTO IPOeKTUpOBaHMs. [loiydeHBl ciemyromine
pe3yJbTaThl: IIPEIIOKEHO CXeMy YCHIHMTEIs OHONOTEHIMAIOB CO CieAsiieil oOpaTHOH CBS3bI0 IO TNUTAHWIO; IPOBEACHO
MOJZICIUPOBAHUS MHAMUYECKUX IPOIECCOB CPEACTBAMH IporpammMsl Multisim; Ha OCHOBE IOCTPOCHHON MOJAENIH BXOZHOI Ienu
9NEKTPOA-KOKa U MOJNYYCHHBIX aHATUTHYECKHX COOTHOILICHHI paccuuTaH KO3()(GHIMEHT PEXEKIHN BXOTHOW LIENH SKBUBAJICHTHON
cxeMbl; COpMyNHpOBaHBI TpPeOOBaHMS K MOIYJIIO PETHCTpalliM CHrHajda. BbIBoabI: PacCMOTpeHHBII BapHaHT —CXEMBI
npeobpa3oBaTensi 3MEKTPOMHOrpadhUIEeCKUX CUTHANA Ha OCHOBE CIEASIINH CBSA3HM MO MUTAHUIO MO3BOJISET 3G (EKTUBHO MOIABIATH
cuHbaznyro nomexy 50 I'i. Ha ocHOBe OCTpoeHHO SKBUBAJIEHTHOW MOJEIHM BXOJHOMW LIETIH YCHIIMTENS HONYyYEeHBl TEOPETHIECKHe
COOTHOILIEHUE JUIsl pacdeTa Kodh(HUIHUEHTa PpeKEKIUH TakuxX ycuiaurteneld. Cxema MpoMoJearpoBaHa B cpele mporpammsl Multisim,
pe3ynpTaThl MOATBEPIWIM S(GQEeKTHBHOCTE ee (yHKunoHupoBaHHsA. ChopMyIHpoBaHBI TPEOOBAHUS K MEXKIIEKTPOIHOMY
PAacCTOSIHUIO ¥ TOJIIMHE CaMUX ODJEKTpoJoB. IlomydyeHHbIE pe3ynbTaThl MOTYT OBITh HCIIOJB30BAaHBI JUISI HPOEKTHPOBAHHS
KOMIIJIEKCOB aJJaITUBHOI HJIEKTPOCTHMYIISIIUH.

KiroueBbie c10Ba: yCWIHTEIb OHOMOTEHIMAIOB; MOJIE3HBII CUTHAI; TIOMeXa; MBIIIIA; CHCTEMa 3JIEKTPO/IOB; MOJICIUPOBAHHE;
Multisim.
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