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Abstract—A muscle-computer interface is one of the new applications of 

the human-computer interface technologies and specifically the brain-computer 

interface. Brain-muscle-computer interface based on the Electromyography 

(EMG) signal. EMG signal is an electrical activity from a muscle that is used as 

an input for effecting several tasks. This work presented an interfacing process 

between the Graphical User Interface (GUI) and hardware system. Using the 

implemented system, the researcher shall deals with the raw EMG data easily 

by analyzing the signal from the muscle sensor detection. A novel virtual EMG 

signal control and analysis system design is proposed in this work. The system 

consists mainly of two parts, hardware and software toolbox. Hardware design 

is mainly dependent on using a muscle movement sensor as well as the feed-

back from the virtual toolbox. The virtual software design offers a relatively 

simple design of a friendly graphical user interface. It consists mainly of the in-

put EMG signal and output signal after using different processing methods. 

Feedback response from the final EMG signal results after the processing may 

help the designer to present the optimal hardware design. The output results 

show the output performance of the proposed virtual EMG data controlling and 

analysis with the implemented hardware design of the muscle sensor movement 

detection. The results show promise that these interfaces may provide a new op-

tion to benefit the designer in choosing the optimal prosthesis design of severe-

ly disabled persons. 

Keywords—paper publishing, biomedical signal analysis, EMG sensors, GUI, 

human-computer interface 

1 Introduction 

Electromyography (EMG) signals have been effectively used in different medical 

fields like medical cases [1], [2], Control of the prosthetic arm with force estimation 

[3], [4], and fatigue detection with different methods [5]–[7]. There is many infor-

mation presented on voluntaries that is related to muscle-computer interface such as 

EMG and muscle signal processing [8]–[17], brain-computer interface [18], [19] and 

etc. 

The Brain-muscle-computer interface is one of the helpful applications of the hu-

man-computer interface technologies to overcome many human limitations. EMG 
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signal is an electrical activity from the muscle that is used as an input for effecting 

several tasks, such as pain management, gait analysis, orthotics, prosthetic device 

control, and human-computer interfaces [20]–[22]. 

E. Clancy in 2003, presented a new circuit design for EMG signal detection and 

conditioning. The performance characteristics of the proposed design were satisfied, 

but the power consumption of the circuit was high with respect to the new technolo-

gies. Based on Clancy's circuit design, M. Mozhanova improved the design regarding 

power consumption, size, and performance [23].  

Zecca et al. presented a simplified graph for a multifunctional prosthesis hand and 

how it could be controlled by the EMG signal [24]. The introduced mechatronic de-

vice consists of signal acquisition and processing, actuators, sensors, control, and 

batteries. They illustrated that the main restriction of controlling the artificial device 

would continue even when the number of DoFs of the prosthesis could be increased. 

Therefore, the prosthetic user interface must be suitable to enable the subject for prac-

tical long-term use of the prosthesis with spending low energy.  

In 2019, the development of a low-cost prosthetic hand was introduced by Budi-

harto [25]. The presented device is based on using a 3-lead EMG sensor combined 

with 1 channel electroencephalograph (EEG). The initial output results were satisfied 

using EMG and EEG signal but still required improvement for using the EEG signal.  

Regarding the brain-muscle computer interface, Joshi et al. advanced a different 

human-computer interface using a single surface EMG signal [26]. They formed a 

new brain-muscle-computer interface that can be used in simple two-dimensions cur-

sor-to-target tasks. They trained several subjects with complex visual feedback con-

trol of external devices. The output results presented the subjects' ability to hit targets 

on a computer screen with a cursor. 

In 2016, Landa-Jiménez et al. introduced a low-cost and simple brain-muscle-

computer interface [27]. The presented design is constructed as an educational tool for 

students in the field of neuroscience, physiology, and bioengineering courses. This 

design can describe theoretical and practical applications. As well as the explanation 

about the EMG signals and physiology of the muscle and motor unit, the students 

could learn how the system controlled a robot using surface EMG signal. Muscle 

computer interface constructed from the Backyard Brains EMG SpikerBox bioampl-

fier, Arduino board, and Bluetooth module. Using EMG muscle contractions, the 

designed system can control a LEGO robot.  

A new friendly virtual EMG signal control and analysis interfacing design are pre-

sented in this work. The proposed system consists mainly of two parts, hardware and 

software toolbox. Hardware design is depended on the muscle contractions as well as 

the feedback from the virtual toolbox. The virtual software design offers a relatively 

simple design of graphical user interfaces.  

The rest of this article is organized as follows. The virtual design and hardware 

construction are described in Section 2. All the experimental output results for the 

Hardware Architecture design and EMG Visualization and Analysis system are pre-

sented in Sections 3 and 4 respectively. Finally, the discussion and conclusions are 

presented in Sections 5 and 6, respectively. 
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2 Hardware construction and virtual design  

Many brain-muscle computer interfaces have been developed for measuring the 

muscle's signals based on the brain’s ability to learn neuromuscular abilities via oper-

ant conditioning [28] [29]. The main interfacing system presented in this work con-

sists of the friendly Graphical User Interface (GUI) design and hardware system. The 

EMG signal is recorded when the muscle fibers of the residual prosthesis are excited. 

Then the obtained signal is fed to the servomotors and the GUI window to be pro-

cessed. The designer or researcher can use the facilities of the visual feedback for 

controlling and choosing an optimal design before implementing the final one. 

This process is presented in a simplified block diagram shown in Figure 1. The 

proposed system is divide mainly into hardware and virtual design. Each part is ex-

plained in detail in the following sections.  

 

Fig. 1. A simplified block diagram of the proposed system 
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3 Hardware architecture and experimental results 

The hardware system is implemented for controlling the motor movement as a vir-

tual representation of the prosthetic movement. The implemented muscle-computer 

interface design is shown in Figure 2. It is consists of the electrodes, Myoware Mus-

cle sensor, Arduino board, servo motors, and PC. Each component of the basic hard-

ware system is controllable with the aids of the EMG software package which has 

explained in detail in the next section. 

The EMG sensor adheres to the skin through the bipolar Ag/AgCl surface elec-

trodes. These electrodes are simply made of silver or platinum [30]. The Myoware 

Muscle sensor is an EMG sensor [31]. This type of sensor is powered with Arduino 

and accessible in the markets. It is used for measuring filtered and rectified electrical 

muscle activity through the process of differential amplification. Myoware sensor has 

three electrodes that are put directly in the skin with no cables to reduce the artifacts 

that occur during the use of the standard sensors that have wires. These electrodes are 

arranged to work as a differential amplifier. Two electrodes were used for recording 

the energy from muscle and one reference electrode.  

Arduino board [32] is used as a microcontroller, which is a programmable control-

ler (Arduino Uno). It is programmed by a computer and runs using Arduino (IDE) 

software that controls all the hardware components. Arduino Nano has been used 

because of its small size and lightweight, so it is suitable for a prosthetic hand. 

Servo motors arranged for an accurate control concerning velocity and angular po-

sition that is used as an actuator [33]. The three wires of each one of the three servo 

motors have connected to Arduino through the VIN, Ground, and D3, D5, and D6, 

which is connected to the Pulse-Width Modulation (PWM) wire of each motor. In our 

work, the electrodes and sensors are placed on the flexor carpi ulnaris muscle. The 

Three servo motors can provide an excellent and accurate movement for a prosthetic 

hand. 

When the hand has closed, the muscle contracted, and the EMG signal will be one, 

so the microcontroller sends the command to the servo motors to move at angle ninety 

(Figure 3). While when the hand has opened, the muscle relaxed, and the EMG signal 

will be zero, so the microcontroller sends the command to the servo motors to move 

at angle zero (Figure 4). 
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Fig. 2. The implemented muscle-computer interface design. A: Myoware Muscle sensor. B: 

ground electrode. C: electrode 1. D: electrode 2. E: Arduino board. F: servo motors. G: 

PC 

 

Fig. 3. The hand is closed 
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Fig. 4. The hand is opened 

4 EMG visualization and analysis: Experimental results  

The purpose of this section is to present the EMG visualization GUI tool after ac-

quiring the EMG signal from the hardware system. The user-friendly toolbox was 

designed based on the MATLAB R2017b platform. The flow chart in Figure 5 simply 

summarizes the usage of the designed GUI tool. The designed tool consists of two 

main parts, the “EMG Dataset” and the “EMG Analysis” part. The first part is the 

“EMG Dataset” part, and the data import and selection process are executed in this 

part of the tool. At the start of the application, the first step is to import the EMG 

dataset from a data file where the EMG signal is stored after the Arduino process. 

When the user clicks the “Import Data” button, the browsing window in Figure 6 

appears. The user can browse the files and select single dataset files (such as .txt, 

.mat, etc.) using this window. After a file selection process, the EMG dataset is loaded 

and appeared in the left window as shown in Figure 7. The user can print the output 

signal through clicks the “Print out EMG signal” button as shown in Figure 8. 
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The second part of the designed tool is the “EMG Analysis” module which consists 

of a Bandpass filter, Rectifier filter, and Normalization. For the selected data in the 

first part, processing with the selected filter has been performed. The output results 

are shown in the right window as shown in Figure 7.  

The EMG raw data is filtered with a second-order band-pass Butterworth filter be-

tween 20 Hz and 500 Hz frequencies. The sampling frequency of the filter is equal to 

the sampling frequency of the signal. The filter was used to clean up the signal and 

remove the artifacts. There are different sources of the artifacts which depend on 

many elements that affect signal quality, such as: 

 common-mode rejection ratio (CMRR) and amplifier specification 

 the feature of the surface electrodes  

 the feature of the cables used, if they are shielded or unshielded 

 Hand movement through the recording   

Then, the EMG data is rectified to a full-wave to take the absolute value of the 

waveform and convert the input signal to one of constant polarity, either negative or 

positive, at its output. 

Finally, the EMG data is normalized to its maximum value between 0 and 1. Nor-

malizing the waveform is necessary to compare the resultant waveform to a reference 

one that may not have the same range of voltage. The output EMG signal can be ex-

ported and saved as .Fig, .PNG, or .BMP. The user can print the output signal after 

applying the analysis technique through clicks the “Print out Techniques” button. 

The proposed GUI system includes various components to help record and pro-

cessing the EMG signal, train the user, and control various devices. This system is 

developed for Controlling the Prosthetic by Processing the EMG Signal. 

160 http://www.i-joe.org



Paper—A Virtual EMG Signal Control and Analysis for Optimal Hardware Design 

 

Fig. 5. The flowchart of the designed tool 
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Fig. 6. Selection of a data file 

 

Fig. 7. Formal scheme for acquisition and analysis of EMG for control of prosthetic devices 
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Fig. 8. Print the output technique (Normalization as an example) 

5 Discussion 

The procedure described above is followed to extract the simulated signals availa-

ble through muscle contraction and relaxation to the virtual toolbox. The Feedback 

response from the final EMG signal results after the processing can support the de-

signer to present the optimal hardware design. The collection between the hardware 

system and the virtual tool gives a novelty concerning the traditional projects [23], 

[24], [26], [27]. The EMG dataset extracted is available for clinical and healthcare 

clarification. 

The presented work is of vital importance for the medical and biomedical equip-

ment lab, so the student can be familiar with the working of this type of important 

artificial medical device. The researcher can deal with the device and record different 

readings. This work is simple and not costly.  

6 Conclusion  

One of the basic ideas of the designed GUI software package is to provide a virtual 

EMG control multifunctional prosthetic system. The presented package has the capa-

bility of simulating simple EMG recordings and analysis but without the complexity 

of applying the digital signal processing techniques, only deals with few buttons. The 

final results give feedback for improving the proposed hardware design for working 

in a good performance and robust form. 

The presented work introduced an interfacing process between the GUI and hard-

ware design. The researcher using the implemented system shall deals with the raw 
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EMG data easily. Specifically, a researcher who has successfully met the objectives 

will be able to: 

 Explain the interaction between the GUI and the implemented hardware system 

design. 

 Describe the major components of the EMG muscle sensor hardware system and 

GUI window. 

 Identify what is needed to obtain a final EMG signal. 

 Identify which filters are relevant for obtaining a good signal as well as what is the 

output after using each a specified filter. 

 Identify the ranges of typical values of these parameters. 

 Explain how these signals are related and their effects on motor movement. 

In general, the user will be able to analyze the raw signal from the muscle sensor 

detection and give feedback for the motor that represents the prosthesis movement. 

The main objective of the proposed work is to introduce a new muscle-computer 

interfacing system. The presented system will be used by the physician and healthcare 

staff to find an optimal prosthetic design before implementation. Therefore, they can 

overcome many human prosthesis limitations such as repairing the robotic prosthetic 

response before implementing the final design. 

In the future, the hardware design can be attached to a 3D printed prosthetic hand 

to construct a complement system. Also, use more EMG muscle sensors as a channel, 

use five motors instead of three for more control of movement and also perform the 

programming to be more efficient and to simulating more gestures. 
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