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Abstract: In this work, we designed and implemented a virtual reality system with Myo signal acquisition for 

training amputees to control myoelectric prosthetics. The system provides visual feedback for amputees as a 
virtual hand controlled using amputees Myo signal. Also, the system shows the amputee's signal power and 
helps to determine the best place to attach Myo sensors.     
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   1. INTRODUCTION

Despite the growing advances in upper-limb prosthetic 
technologies, increasing the degrees of freedom in controlling 

them still remains a challenge. However, many degrees of 

freedom control can be theoretically achieved, the process of 

learning to perform these movements by amputees is not 

straight forward. This is because most of these sets of 

motions are different to the ones before amputation. 

Therefore, Virtual Reality (VR) applications can be used to 

allow users to practice controlling prosthetic arms prior to 

using physical ones[1].   

 

VR provides a simulated environment that represents real 

world experience. VR can be divided into two basic 

categories: immersive and non-immersive. In immersive VR, 

the first-person viewing still remains. This is when the real 

world surroundings get influentially enough that thy have the 

ability to move and engage with the virtual environment. 

Non-immersive VR, on the other hand, the user is represented 

in the virtual environment using an avatar, i. e., a third-person 
perspective is created[1].   

 

The benefit of using VR that it enables control over the 

environment with the user interaction which might not be 

available in the real world [2]. For this reason VR has been 

used in many fields such as aerospace where it was used to 

trail pilots. VR has been then used in rehabilitation 

applications and prosthetic development. The importance of 

using VR in prosthetic development is not limited to training 

the users to use physical arms only, but it aids the design 

process and product testing.  

 
Prosthetic arms are usually controlled via biomedical signals 

generated by the muscles called Electromyographic signals. 

These signals are detected from the surface of the skin. 

Determining the best locations of which these sensors should 

be placed can be a challenging process. However, with using 

VR applications this process can be straight forward [3].  

 

In this paper, a rehabilitation system based on virtual reality is 

proposed. The proposed system has the ability to control 
virtual hand using EMG signals generated by the muscles. It 

also has the ability to show raw EMG signals in order to 
determine the locations of the muscles that give the best EMG 

signals.  

 
2.  THE PROPOSED SOLUTION 

 

2.1 CODE DESCRIPTION 

The EMG signals which are measured by two sensors are 
very small signal, therefore, usage the amplifiers inside 

sensor circuits are necessary to amplify the signals then send 

into microcontroller to filter the signals and feature extraction 

Programmatically where the RMS value is the feature 

extracted from the filtered signals, then send the row and 

RMS signals  for two sensors into LabView via serial port. 

The row signal just used for show, however, there are two 

modes, mode1 to open and close the robotic virtual hand and 

the mode 2 to rotate the robotic virtual hand right or left. The 

two modes are switched by giving two signals to the sensors 

at the same time. The second usage of the RMS signals to 
compared with the threshold value, for example for mode 1 if 

the value of RMS signal of sensor1 is greater than the 

threshold value the robotic virtual hand will open and if the 

value of RMS value of sensor 2 is greater than the threshold 

value the robotic virtual hand will close. The same manner 

for mode 2 to rotate the robotic virtual hand right and left. the 

compared value determined according to the signal strength 

of the patient and send the threshold value into 

microcontroller to used with a prosthetic hand. 
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Figure1, Flowchart Diagram 

 

2.2 USER INTERFACE DESCRIPTION  

V.Rehab program has three pages; Myo Testing page 

(figure2) which shows the row signal and filtered signal for 

two sensors graphics and data. The usage of this page is to 

determine the threshold value and send the determined value 

into microcontroller via Bluetooth. The second page is V. 

Rehab Training page (figure3), this page contains a robotics 

virtual hand designed using 3-D program. The benefit of this 
page is to trains the patient to determine the best location of 

the sensors and to control the level of the signal to rotate, 

open and close the virtual hand as needed. The third page is 

Patient Data Base (figure 4) shows the data of the patients as 

the picture, age, and the date of Amputation and save the 

database in excel file. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
Figure2, Myo Testing Page 

 

 

 

 

 
Figure3, V. Rehab Training 

 

 

 

 
Figure4, Patient Data Base 
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3.  CASE EXAMPLE 

In this section, we will walk you through the steps of using 

V.Rehab program. The first parameter which must be 

determined is the best location of sensors to measure the 

EMG signals (Figure5). This can be achieved by putting the 

two sensors on the remnant limb of hand and compared with 

the shape of EMG signal on the chart which appears on the 

Row Signals chart in Myo Testing page, where the row signal 

of EMG signal has the standard shape(Figure6). The second 

parameter is Amputee's control in the signals according to 

level of the signals and the strength to rotate, open and close 
the robotics virtual hand. Sensor1 is responsible at the open 

and right rotate the robotics virtual hand for mode1 and 

mode2 respectively. Sensor2 is responsible at the close and 

left rotate the robotics virtual hand for mode1 and mode2 

respectively(Figure7,8). By observing the shape of the signals 

in each time the threshold value can be determined using the 

slide (Figure9). Where the threshold value should be less than 

the largest value of the signals. Then press the button 

(Figure10) of the threshold value to send it into 

microcontroller to used it in a prosthetic arm.    

   
4.  CONCLUSION 

Amputees' rehabilitation is important for prosthetic fitting, in 

this paper, we presented V-Rehab, a VR based rehabilitation 

software that uses an EMG signal for muscle rehabilitation 

and prosthetic control training. The software was tested on an 

amputee in order to determine the best location for the 

sensors and in prosthetic control. The designed software 

shows the real-time EMG signals in which is used for further 

analysis and control parameters settings. Furthermore, V-

Rehab is equipped with a robotic virtual hand to mimic the 

control of prosthetic arm. the virtual hand was helpful for the 

amputee to experience prosthetic control before is fitting with 
a real one.in the future interactive games can be integrated 

into V-Rehab software in order to enhance the training 

experience for amputees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure5, determine the best location on 
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Figure6, the Standar shape of EMG signal 

 

 

 
Figure7, open and close the robotics virtual hand 

 

 

 

 

 

 



 

 

ICTS24632019-EC3043     

280 

 

 

 
Figure8, rotate right and left the robotics virtual hand 

 

 

 
Figure9, the slide of threshold value 

 

 

 
 

Figure10, the button which is used to send the threshold  

value into microcontroller 
 

 

 

 

 

 

 

 

 

 

 
5.  REFERENCES 

 

[1] L. Resnik, K. Etter, S. L. Klinger, and C. Kambe, 

“Using virtual reality environment to facilitate 

training with advanced upper-limb prosthesis,” J. 
Rehabil. Res. Dev., vol. 48, no. 6, p. 707, 2011. 

[2] E. A. Keshner, “Virtual reality and physical 

rehabilitation: a new toy or a new research and 

rehabilitation tool?” BioMed Central, 2004. 

[3] S. M. Alessi, T. Hanson, M. Wieners, and N. M. 

Petry, “Low-Cost Contingency Management in 

Community Clinics: Delivering Incentives Partially 

in Group Therapy,” Exp. Clin. Psychopharmacol., 

vol. 15, no. 3, pp. 293–300, 2007. 

 


