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Abstract.  

The virtualization of movements is a relevant research area on technological evolution. Its 

applicability can be useful in several segments and the social distance has propelled this 

technology for application  in areas such as education. However, not every institution has 

financial support to develop or use this technology. The objective of this work is to 

demonstrate an experimental study of movement virtualization, based on platforms accessible 

on the market, in order to demonstrate a solution that can meet the demands of immersion in 

virtual reality of institutions from different areas on the market (such as schools, hospitals 

etc.). During the experiments, the upper limbs were evaluated, with assessment of moments of 

rest, opening and closing hands and effort. As a result, it is proposed a device capable of 

demonstrating this kind of movements, with material costs of about 306.00 Brazilian Reais, 

which represents an affordable investment. Despite its limitations, the present work represents 

a relevant case study for institutions that wish to invest in this technology but need more 

accessible resources and techniques.   

Keywords: Virtualization, Moves, Microprocessors, Arduino 

1. Introduction 

With the rapid pace of development of new technologies for recreational use (increasingly 

realistic games, for example) and virtual environments for distance classes; the development 

of a complementary tool for capturing movements would have the possibility of use and 

relevance (McDonald et al., 2021). For example, classes that would obligatorily be in person 

could be done at a distance, games would have a greater degree of reality, as the user would 

increasingly enter the virtual universe of the game and feel part of the virtual universe 

developed by the game. The virtualization of movements takes place through technologies 

implemented through peripherals, where cameras and sensors capture movements and 

reproduce them in a virtual environment (an example would be the Xbox Kinect) (Damasceno 

et al, 2012). 

According to Kulkarni & Uddanwadiker (2016), the electrical impulse of the human body 

occurs at the cellular level and it is through the plasma membrane that this energy is collected, 

which is found inside and outside it. It is an ion difference that generates the bioelectrical 

(electromyographic) potential, which enables the contraction of muscle fibers, that is, the 
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movement of the human body. Obtaining the electrical impulses that the human body 

generates, in each movement of the main limbs (arms and legs), will reduce the delay caused 

by the capture of movements by cameras or motion sensors. 

The main purpose of this article is to demonstrate an experimental study with the 

implementation and validation of a motion virtualization framework. The aim of this research 

is to present a solution that has a data collection between machine and user, with relevant 

capacity, in addition to an affordable price; that recognizes the movements made by users in 

moments of: rest, movement and effort, enabling future recreational, educational use etc. With 

this premise, it is intended to make the virtualization of movements captured by the electrical 

impulse of the human body, thus giving the user a greater sense of immersion in the virtual 

environment, but at an affordable price. 

A plausible justification for researching these technologies would be the examples of 

investments by companies such as Nansense Inc., which offers a complete software 

architecture for professional animation motion capture that makes the software available for 

fifteen hundred dollars, in addition to products starting from seventeen hundred dollars, and 

may reach seven thousand dollars. Another justification is that distance learning, as part of the 

COVID-19 Pandemic, demands solutions that can transmit knowledge while maintaining 

isolation (Brugni et al., 2021). 

2. Materials and Methods 

2.1 Related Works 

Several works in the literature and in the market, such as those listed in Table 1, have a direct 

or indirect relationship with the present article. In short, the contribution of the work proposed 

in this article is to obtain the emitted signals and transform them into a virtual movement. 

Besides, the aim at an affordable cost and a relevant quality of validation of movements is 

also addressed. 

Table 1: Works in Literature  

Ref. Definition Description Comments 

Chordata 

(2018) 
Chordata motion 

It is hardware that is "dressed" in 

person for motion capture, it is a 

free hardware and software for the 

community to help on its 

improvement, and it is also a low-

cost option to use. 

The advantage of the prototype over 

chordata is its weight and mobility, as 

it is a project that enables the 

virtualization of movements through 

electrical impulses, the idea is that it be 

done quickly and that it is "slim", or be 

small and easy to handle. 

Oliveira et 

al. (2017) 
Exergames 

Uses motion maker technology: 

platform-type game prototype. In 

this article, the virtualization of a 

certain movement is shown to 

perform another one. 

It is a project/article that helped in the 

development, as it has the conversion 

of an electrical impulse (not from the 

human body) into some other type of 

data to generate a certain action in a 

virtual environment. 
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CanalTech 

(2015) 

New sensor 

controls prostheses 

from electrical 

impulses from the 

brain. 

The news talks about a device that 

can capture the electrical signals 

generated by the human body and 

sending them to a prosthesis so 

that the person who had the limb, 

or part of the limb, amputated can 

move the prosthesis freely as if it 

were his own real member. 

Despite a different proposal, it was 

seen as a feasibility that can be 

obtained by adapting the project in this 

article. 

Weir et al. 

(2008) 

Implantable 

Myoelectric 

Sensors (IMESs) 

for Intramuscular 

Electromyogram 

Recording. 

The article basically talks about 

chips that identify the electrical 

impulses that will be implanted in 

the body to capture them, so that 

they can use these impulses to 

control the prostheses. 

Despite a focus on a specific part of 

the project, which does not bring direct 

comparisons, the article provided 

guidance on the user data collection 

process. 

 

 

 

Heaney, D.  

 (2019) 

 

UPLOADVR. 

Facebook Files 

Patent For VR 

Finger Tracking AI 

Wristband 

The news shows that Facebook is 

developing a device that allows 

capturing finger movements 

through electrical impulses 

generated on the person's wrist, 

and that there is also another 

company called CTRL-Labs, with 

the same idea. 

Regarding research, it is one of the 

most similar references. The advantage 

of the proposal of this article in 

relation to this reference is the 

proposal at low cost, so that it is quick 

and easy to use (plug-and-play). 

Damasceno 

et al. 

(2012) 

A heuristic 

evaluation of an 

Augmented Reality 

Motion Capture 

System 

As described, it is a heuristic 

evaluation of an Augmented 

Reality Motion Capture System 

The solution proposed in this article 

does not directly compete with what is 

described in the reference. Because 

there is no comparison of algorithms in 

the process. However, it is an 

assessment that can guide future 

research. 

Meire et al 

(2018) 

 

Electromyographic 

Signal Acquisition 

System (EMG) For 

Control 

Application 

The article describes how to 

obtain and manipulate the 

electrical impulses generated by 

the human body, but it is aimed at 

rehabilitation and not the 

virtualization of movements for a 

computer. 

The studies in Meire et al. (2018), not 

only helped in the implementation and 

understanding of the results but made 

visible a possible future perspective of 

research. 

Source: Authors, 2021. 

2.2 Fundamentals 

This research was based on the concepts of motion capture; sensors; Arduino and Unity(r) 

platform; motion virtualization; and programming structures and algorithms. 

Movement Capture: According to Damasceno et al. (2012), the capture of movements 

occurs using different technologies such as optical, sound, electrical and hybrid. With the use 

of optical sensors such as video cameras, a software is used to collect data from the images 

and an algorithm is used to interpret each image and identify its characteristics, so that it can 

be reproduced in a 3D environment. In this article, this concept guides the entire development 

and implementation of the proposed solution. The entire project implemented focuses on 

capturing scenes for subsequent virtualization of movements (Figure 1). 

Sensors and Electrodes: according to Damasceno et al. (2012), sensor are devices capable of 

capturing movements and their characteristics and thereby generate, various images. More 
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specifically, electrodes are sensors used to measure the amplitude of EMG 

(Electromyography) signals. An electrode for electromyography (EMG), was used in this 

work to capture the electrical signal that the human body generates in muscle contraction to 

perform a given movement. A surface electrode was chosen to be used, because it is less 

invasive. 

Arduino Platform: According to McRoberts (2018) the Arduino platform is an electronic 

board capable of processing instructions via algorithms and it can manipulate optical or 

electrical signals. Currently, Arduino is a good option in industry 4.0 solutions, because it is 

affordable , compact and powerful, allowing the development of solutions in different sectors 

of the market (Souza et al., 2019; Pérez et al., 2020) 

Figure 1: Motion capture 

 
Source: O’Brien et al. 1999 

Game Engine and Unity Platform: According to Wheeler et al. (2019) Unity or Unity 3D is 

a game engine created by Unity Technologies, providing the user with the creation of 2D and 

3D games with support of various APIs. The platform can be used create games for multiple 

platforms and these features make the difference when choosing a graphics engine for game 

development.  

2.3 Experimental Methods  

In this section the experimental study endpoints are outlined. 

First, the motor points of the human body were identified, which in this case corresponds to 

the body area where the electrodes are connected to capture the electrical signal through the 

muscle contraction generated in the movement. The motor points are described in figures 2 

and 3, where it is shown the nerves and flexor muscles that are responsible for the movement. 

To start the processes, the focus is on the arm, with its respective possible points for a variety 

of movements, and which is the limb most used to make precise movements, as shown in 

Figure 2. With the use of active surface electrodes connected to the points on the arm motors, 

whenever there is a muscle contraction, an electrical potential is generated, which in turn is 

captured by the electrodes.  

Active surface electrodes are used because they are not as invasive as needle electrodes and, 

in addition, they have an amplifier and filters already on board, thus enabling a better signal-
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to-noise ratio. Thus, in a second moment, a movement capture system was modeled, with 

sensors, electrodes and the Arduino architecture for signal capture and processing. 

The electrode is connected to an electromyographic sensor to transmit the electrical signal to 

the Arduino in an amplified way, guaranteeing a better amplitude for detection. The signal 

sent to the Arduino is handled to the mongoDB database, because it is a non-relational 

database, since it will be a table for each member. 

It will be identified which movement is being made by the emitted signal and thus 

transforming it into a movement within a 3D virtual environment through a graphic engine 

(Unity platform), because it is a platform with support for virtual reality applications. The 

software in C was developed for the Arduino board and a C# code was developed for the 

Unity platform to implement the virtualization tasks. Once the data about the movement is 

collected, it is made available to a 3D environment platform. 

Figure 2: Arm nerves 

  
a) Arm nerves       b) Arm nerves (left and right) 

Source: Rohen et al., 2016 

Figure 3 - flexor wrist muscles 

 
Source: Rohen et al., 2016 
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As Experiments methodology, the following tests were performed: An algorithm, developed 

in the Arduino platform, was executed to verify the connection between the components; An 

algorithm was developed to capture the electrical impulses of the human body at the chosen 

points; After capturing the impulses made in test 2, the intensity of the impulses generated by 

certain movements was analyzed. 

The tests performed are to assess the response quality of the prototype. This is because it is a 

technology whose inputs still have an inaccessible financial value for certain researchers. So, 

a relevant quality for the experiments is sought, but with accessible resources. 

3. Results 

3.1 Solution Structure 

During the research, a circuit was developed, as described in Figure 4, with an ECG module 

connected to a MEGA Arduino board, and the Arduino board being connected to the 

computer via USB cable. The connection was made as follows: the red cable was connected 

between the pin responsible for the 3.3V supply of the ECG module and the 3.3V of the 

Arduino; the green wire was connected between the ground (GND) pin of the module and the 

GND pin of the Arduino board; the blue wire was connected between the module output and 

the Arduino pin A0; the purple wire was connected between the LO- pin of the module and 

the Arduino pin A11; the black wire was connected between the LO+ pin of the module and 

the Arduino pin A10. The connected uptake structure was modeled to collect impulses from 

the arm of the user as shown in Figure 5.  

Figure 4: ECG Module Interconnection with Arduino 

 
Source: Authors, 2021. 
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Figure 5: Representation of electrode connections on the arm and on the circuit 

                         
a) Connections of electrodes in the arm and in the circuit b) electrodes connected in the hand and in the circuit 

Source: Authors, 2021. 

First, experiments were carried out on the connection points shown in Figure 5, which 

corresponds to the region of the arm and forearm. These points were chosen with according to 

figure 5, where each numbered point on the arm is a nerve point where the movements take 

place. Thus, the easiest points to identify were taken, with greater precision and number of 

movements, since the number of electrodes was limited (due to issues that will be explained 

in the course of the work). After some tests, the best way to capture hand-related impulses 

was evaluated. In Figure 5, the connection points correspond to the wrist region, in which the 

greatest number of impulses that will carry out from hand movements will be detected. Two 

electrodes were placed on the side that is parallel to the body and one on top for greater 

precision on detecting the movements made. 

3.2 User Connection 

As can be seen in figures 6 to 8, the user connection tests were carried out with the 

proposed structure. The hand closing test was performed, in which it is started with the open 

hand and is finished when the hand closing movement is performed. In this process the virtual 

body also closes the hand, so it can be seen in the test that the virtualization completed 

successfully.  

As shown in figure 6, the test moments to capture the moment of the open hand can be seen 

(both in real and virtual environments). In Figure 7 it is possible to visualize the tests with 

closed hands, both in the virtual and real environment. In Figure 8, the connection test with 

the arm was performed. As already mentioned, the points evaluated in figure 5 were used, 

with the number of electrodes available, in this case, only 3. 
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Figure 6: Virtualization test with an open hand. 

 
Source: Authors, 2021. 

Figure 7: Close-handed virtualization test. 

 
Source: Authors, 2021. 

Figure 8: Electrodes connected to the arm motor points. 

 

 
Source: Authors, 2021. 

3.3 Validation Experiments 

The experiments that were carried out rely on an evaluation of applications of movement 

and reflexes on previously selected elements. Both the right and left sides were evaluated. The 

analysis of the movements was: state of rest, in which the arm stays still in relation to figure 

5; opening and closing of hands (hands clenched, hands closing, hands opening and closing 

repeatedly); and effort to lift a table. Ten lifting movements of a table measuring 1.8m x 1.2m 

of wood were performed to measure the effort. 

The results can be seen in the graphs presented in Appendices I, where it was found that: 

when making a force to lift a table, the values reached around 650 to 980μV. Without the use 

of force, the values were around 380 at 450μV in both hands. With the arms at rest, the values 

are concentrated between 380 and 450μV. By closing the hands, the values change reaching 
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between 550 and 680μV. By closing the hands several times the values remain high, being 

around 550 and 700μV. And by keeping the hand closed constantly, the values have a wide 

range of values, ranging from 350 to 650μV. 

It is noted that when interpreting the graphics, depending on the type of movement, there is a 

considerable variation in the frequency of signals, demonstrating that not only an evaluation 

of signal amplitude is necessary for the frequency variation in Hz. The replication of 

movements in the 3D environment was properly performed, with validation of movement, 

weighted by repetition, rest and effort. 

3.4 Assessment of Possibilities and Limitations 

According to the results presented, it can be stated that the structure was able to virtualize 

the movement through impulses, thus being able to assume the possibilities in leisure 

(electronic games) and in the field of distance education. 

In a more specific discussion, distance learning, due to its isolation, could be much explored, 

since in subjects that would have to be done in person, they would have the possibility of 

being taught at a distance with a greater degree of immersion of the student in practical 

situations. Both the institution and the student would have access to this technology, as in 

meetings that are usually held via software such as Skype, Teams, Zoom, meets and others, 

they could be held in a virtual environment, even though the people themselves were 

physically far, in the virtual environment they would be side by side. 

The limitations would be given by the technology being new on the market and consequently 

lacking professionals to provide the 3D environments for institutions interested in this service. 

Furthermore, another limiting factor is the number of electrodes. As mentioned, only 3 were 

used. With a greater number of electrodes, both fidelity and movement emulation would be 

more accurate and with less variation. However, the budget would increase a lot (more than 6 

times), which would make the project unfeasible for the tests of this research, besides 

removing all the attractiveness of costs (an extremely relevant issue for schools, for example). 

A caveat is that the price would not be increased by the value of the electrode itself, but by the 

necessary cabling for its connection with the prototype (which demands a possible search for 

cheaper means for this collection process). Table 2 shows a list of costs that were incurred 

during project implementation. It is worth mentioning that the development costs have not yet 

been measured for a market assessment of sales.  

Table 2: List of Equipment's and Costs 

 

Equipment’s Costs 
Kit Protoboard 830 + Jumper 65 Parts Mxm R$35.90 + shipping 
Arduino Mega 2560 R3 Compatible Board with Cable R$139.00 + shipping 
Ad8232 Sensor Module Arduino Heart Pulse ECG Measurement Kit R$81.45 + shipping 
Electrodes (100 units) R$49.90+ shipping 
Total R$ 306.26 + shipping 

 

Source: Authors, 2021. 

https://produto.mercadolivre.com.br/MLB-1017295831-kit-protoboard-830-jumper-65-pecas-mxm-_JM


 

119 

 

4. Conclusion  

Based on all the information presented in this article, the ability to virtualize the moments 

of rest, opening and closing of hands, in addition to efforts by the user, in addition to the 

characteristics of the collected signals, was perceived. 

A relevant issue is that, despite the limitations of the research, the result showed a 

considerable option for institutions that want to invest in immersion. In this case, even with a 

possible vaccine for COVID-19, several market sectors must change their way of interacting 

with employees and customers. Finally, the research proved to be relevant due to the price of 

the investment made, but it demands more answers and evaluations, considering the possible 

consequences. 
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Appendix I 
 

Arm at Rest - Left hand 

 
Arm at Rest - Right hand 

 
Closed hand - Left hand 

 
Closed hand - Right hand 
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Hand Closing - Left Hand 

 
Hand Closing - Right Hand 

 
Opening and closing consecutive hands - Left hand 

 
Opening and closing consecutive hands - Right hand 
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Effort to lift a table - Left hand. 

 
Effort to lift a table - Right hand (in red: hand opening moment) 

 

Source: Authors, 2021. 

 

 


