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Abstract
Subject of Research. The paper proposes a method of muscle activity filtering measurements for a mobile hardware-
software appliance used in surface electromyography. The method extends the dynamic range of measurements by 
capacity growth of analog-to-digital converter aimed at the increase of recognition accuracy and range of muscle activity. 
Method. A filter model for signals from sensors for a muscle activity controller was developed in the Proteus Design 
Suite software package. The filter of the signal carrier component based on the RC high-pass filter provides isolation 
of the measuring unit from the reference voltage of the sensor. An active low-pass filter amplifies the signal from the 
sensor and filters out the noise higher than the frequency range of muscle activity signals. Main Results. Filtering of 
the signal carrier component and increasing the order of low-pass filter show positive results in simulation. The paper 
presents amplitude-frequency characteristics plots and model structures with and without RC filter, with an active 
low-pass filter of the first order and an active low-pass filter of the second order. An amplifier unit electrical circuit 
for a muscle activity controller is developed based on the methodology for muscle activity measurement filtering. The 
results obtained are applicable for improvement of the prototype for the mobile hardware-software appliance used in 
surface electromyography. Practical Relevance. The developed complex can be applied in a system for muscle activity 
measuring and monitoring as the rehabilitation process maintenance during the movement of patients with injuries and 
disorders of the musculoskeletal system. This complex can be used in various neurophysiological studies where the 
monitoring of muscle activity dynamics in the process of the examined subject movement is required.
Keywords
surface electromyography, surface EMG, muscle activity measurement, EMG signal high-pass filter, EMG signal active 
low-pass filter, neurocomputer interface
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Аннотация
Предмет исследования. Предложена методика фильтрации измерений мышечной активности для мобильного 
программно-аппаратного комплекса интерференционной электромиографии. Рассмотрен метод повышения 
динамического диапазона измерений за счет увеличения разрядности аналогово-цифрового преобразования для 
повышения точности и диапазона распознавания мышечной активности. Метод. Разработана модель фильтра 
сигналов от датчиков для контроллера мышечной активности в программном пакете Proteus Design Suite. Фильтр 
несущей составляющей сигнала на основе RC-фильтра высоких частот обеспечивает отвязку блока измерения 
от опорного напряжения датчика. Активный фильтр низких частот усиливает сигнал от датчика и фильтрует 
шумы выше диапазона частот сигналов мышечной активности. Основные результаты. Фильтрация несущей 
составляющей сигнала и повышение порядка фильтра низких частот, в моделировании показали положительные 
результаты. Приведены графики амплитудно-частотных характеристик и схемы моделей без RC-фильтра и с ним, 
с активным фильтром низких частот первого порядка и активным фильтром низких частот второго порядка. На 
основе методики фильтрации измерений мышечной активности разработана электрическая схема блока усиления 
для контроллера мышечной активности. Полученные результаты применены для модернизации прототипа 
мобильного программно-аппаратного комплекса интерференционной электромиографии. Практическая 
значимость. Областью применения разрабатываемого комплекса может быть система измерения и регистрации 
мышечной активности для сопровождения процесса реабилитации при движении пациентов с травмами и 
нарушениями работы опорно-двигательного аппарата. Данный комплекс может быть применен в различных 
нейрофизиологических исследованиях, где требуется отслеживание динамики мышечной активности в процессе 
движения обследуемого. 
Ключевые слова
интерференционная электромиография, иЭМГ, измерение мышечной активности, ФВЧ ЭМГ-сигнала, активный 
ФНЧ ЭМГ-сигнала, нейрокомпьютерный интерфейс

Introduction

The aim of this work is a theoretical study of methods 
for the accuracy increase of measuring muscle activity 
for a mobile hardware-software complex of surface 
electromyography (sEMG) [1]. This complex is being 
modernized as part of the development of a neurocomputer 
interface for controlling bionic devices, such as a prosthesis 
[2]. Earlier, a prototype of a hardware-software complex for 
recording muscle activity was presented. The prototype is 
based on a paraphrase sensor of muscle activity, a controller 
and computer software [3].   

During the study of the developed prototype and other 
existing solutions, a number of parameters was identified 
that needed improvement:
1. increasing the capacity of the analog-to-digital converter 

for dynamic range growth,
2. increasing the resistance to external noise when working 

near the actuators of bionic devices.
In this regard, we set a number of requirements for the 

development of a hardware-software complex minimizing 
power consumption and mass-dimensional characteristics 
while maintaining measurement accuracy.

In the future, it is planned to develop a Bluetooth 
communication channel and an autonomous power supply 
unit on a lithium-polymer battery.

At the moment, there are a large number of various 
mobile systems for surface EMG such as “SportLab” 
domestic software and hardware complex from LLC 
“Biosoft” Scientific Medical Firm and “MIST” from LLC 
“Neurotech” Scientific Medical Firm or imported “Delsys 
Wireless EMG System”. Similar systems are developed to 
a greater extent for the needs of professional sports or the 
introduction of anesthesia.

The primary, but incidental area of application of the 
mobile surface EMG complex that we are developing is a 
system for measuring and recording muscle activity at the 
rehabilitation process monitoring during the movement of 
patients with injuries and disorders of the musculoskeletal 

system [4, 5]. Also, this complex can be used in various 
neurophysiological studies, where tracking the muscle 
activity dynamics in the process of the subject movement 
is required [6–9].

Description of the model

To test theoretically the effectiveness of the solutions 
used to upgrade the previously developed prototype [3] and 
to increase the accuracy of measuring muscle activity, a 
model was developed in the software package (PC) for the 
automated design of electronic circuits Proteus Design Suite 
release 8.9 SP2 (Build 28501) with advanced modeling.

The main changes affected the amplifier block are 
shown in Fig. 1. The model was built on the basis of a 
random signal source, the amplifier block model and virtual 
measuring instruments from the PP.

A script-generator was used as a source of a random 
signal, shown in Fig. 2 from the example of “Noise 
Generator” projects from the Sample Projects library 
supplied as part of the software. Output signal parameters 
are: amplitude ± 0.4 V, frequency 2 kHz.

An equivalent amplifier circuit was also created and is 
shown in Fig. 3.

Signal carrier component filtering. 
Isolation capacitor modernization

An isolation capacitor was installed in the amplifier 
block of the prototype [3] at the signal input from the 
sensor (C16 in Fig. 1, C3 in Fig. 3). This capacitor gives 
the possibility to filter the carrier constant component of the 
signal and feed only the variable component to the input 
of the amplifier. Filtering of carrier constitute unties the 
measurement node from the sensor electrical circuit and 
provides an opportunity to avoid measurement distortions 
associated with voltage drops on the wires between the 
sensor and the amplification unit. Carrier decoupling 
also makes it possible to get rid of the need in midpoint 
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Fig. 1. The initial circuit of the prototype amplifier [3]

Fig. 3. Schematic of an equivalent prototype output filter model

Fig. 2. Script-generator “Noise Generator”
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agreement on each sensor (reference level carrying 
voltage), connected to one controller and coordinate with 
one electrode from the controller.

Studies of the prototype and model were carried out and 
design error was identified. The model of the amplification 
unit in its original form, shown in Fig. 3, did not discharge 
the isolation capacitor C3 (in Fig. 3). In this regard, the 
isolation capacitor did not fulfill its main function – cutting 
off the carrier of the signal constant component. This can be 
seen on the graph of the amplitude-frequency characteristic 
(AFC) shown in Fig. 4. Also, incorrect operation of the 
low-pass filter (LPF) in the operational amplifier strapping 
was observed.

To solve the problem with isolation capacitor, a full-
fledged high-frequency RC filter (HPF) was built up by 
means of installing the resistor R3 [10]. The connection 
diagram is shown in Fig. 5. The cut-off frequency of the 
HPF is found by the formula: 

where fHPF is the cut-off frequency of the HPF; π 
is a mathematical constant equal to the ratio of the 
circumference of a circle to its diameter; R3 is the 
resistance of the resistor R3 (Fig. 3); C3 is the capacitance 
of the capacitor C3 (Fig. 3).

The result of replacing the isolation capacitor with RC-
HPF can be seen on the AFC — graph of the model shown 
in Fig. 6.

Increasing the order of gain block active filter 

An active first-order LPF was built in the block of 
the prototype amplifier [3] on the basis of an operational 
amplifier (U1, C1, R1, R4 in Fig. 3, 5). As previously 
noted, the prototype showed incorrect filter operation. After 
installing a resistor R3 in the model, the efficiency of the 
LPF increased. This can be seen by comparing the graphs in 
Fig. 4, 6. The gain of the amplifier and the cutoff frequency 
of LPF are found by the formulas, respectively:

 

Fig. 4. The model AFC graph (references of measurement points in Fig. 3): SIGNAL_AND_NOISE – AFC input signal; AFTER_
HPF – AFC signal after HPF; AFTER_LPF – AFC signal after LPF

Fig. 5. Scheme of the amplifier model with RC-HPF input
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where Gch is the gain of the amplifier; fLPF is the cut-off 
frequency of the LPF; R1 is the resistance of the resistor R1 
(Fig. 5); R4 is the resistance of the resistor R4 (Fig. 5); C1 
is the capacitance of the capacitor C1 (Fig. 5).

In the study of the developed prototype and other 
existing solutions, it was supposed that stability to external 
noise would not be enough when working near the actuators 
of bionic devices.

External noises outside the measured range with 
insufficient filtering can significantly distort the data.

In this regard, we decided to build the active LPF to 
the 2nd order by replacing the denomination R4 and adding 
R5 and C2 [11].  The modernized model circuit is shown 
in Fig. 7. The gain and cutoff frequency have not changed 
and are found by the formulas, respectively:

where R4 is the resistance of the resistor R4 (Fig. 7); R5 is 
the resistance of the resistor R5 (Fig. 7).

The value of the capacitor C2 is found by the formula:

where C2 is the capacitance of the capacitor C2 (Fig. 7).
The AFC graphs compare the efficiency of active LPF 

of the 1st and 2nd orders in the frequency band 1.2 kHz, 
respectively, and are presented in Fig. 8.

A controller circuit and an equivalent model of the 
prototype amplifier are developed based on the obtained 
data and are shown in Fig. 9.
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Fig. 6. AFC graph of the model with RC-HPF input (reference measurement points in Fig. 5)

Fig. 7. Scheme of the model with the output active LPF of the 2nd order
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Analog-to-digital conversion of muscle activity 
measurements

In the prototype [3], analog-to-digital conversion 
(ADC) was carried out by means of a 12-bit ADC unit 
integrated in the STM32f405 microcontroller [12]. To 
increase the dynamic range of measurements, it was 
decided to use an external ADC microcircuit. For this 
purpose, the ADS1256 microcircuit (chip) was chosen [13]. 

The ADS1256 is an 8-channel 24-bit Delta-Sigma ADC 
chip with a programmable coefficient gain and a sampling 
rate of up to 30 kHz.

Programmable gain gives the possibility to develop and 
implement a dynamic gain adjustment algorithm that will 
positively affect the operational properties of the software 
and hardware complex.

The ADR03BRZ chip from Analog Devices [14] was 
selected as a voltage source of 2.5 V for ADS1256, and 

Fig. 8. Frequency response graphs: active 1st-order LPF (a); 2nd-order LPF (b)

Fig. 9. An equivalent model of the prototype amplifier with HPF input and LPF active output of the second order

Fig. 10. Test layout for ADS1256
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the circuit based on OPA350UA [15] recommended by the 
manufacturer ADS1256 [13] was taken as a buffer for the 
voltage reference. The clocking of the ADS1256 is from 
STM32f405.

This solution was previously mocked up (Fig. 10) and 
the functionality was tested.

Conclusion

The results obtained are used to modernize the 
prototype of a mobile hardware-software complex of 
interference electromyography. A controller circuit and an 

equivalent model of a prototype amplifier are developed 
with an input high-pass filter and an output active low-pass 
filter of the second order.

Such methods as filtering the carrier component of 
the signal and increasing the order of the low-pass filter 
in the simulation have shown positive results in accuracy 
increase.

The dynamic range extension of measurements by 
increasing the bit depth of the analog-to-digital conversion 
and automatic gain control will improve the accuracy and 
range of muscle activity recognition.
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