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BACKGROUND 
In recent years, the use of the signals in the brain has mainly increased in order to help disabled people to perform 
basic tasks such as pick up an object, open a door, or move an electric wheelchair.  

 
OBJECTIVE 
Develop articulation prototype, controlled by a brain signal as a first step in the development of the different 
activities that can be performed with this device. 
 

RESULTS 
The raising or lowering only a single eyebrow presented difficulties for several people, for which the data was 
captured taking into account the limitations of the test subject, whom is capable of going up and down only the left 
eyebrow 
Through the results was deduced that the right eyebrow will respond to sensors pairs.  

 
CONCLUSION 
The study performed denotes the potential that owns the Emotiv technology, being very broad and has several 
applications in the field of medicine, like in the rehabilitation of persons with physical problems, or in the support of 
persons with disabilities, among others. 
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INTRODUCTION 

 

Along the last few years, there have been developing different prototypes and studies on the Emotiv device, 

where the main objective is to use the different signals in the brain in several applications such as in [1], where 

it is intended to analyze EEG signals produced by facial gestures and different eye movements known as 

artifacts. Being these signals considered as contaminants in the EEG signals used for medical diagnosis. 

In [2] This paper proposes the use of affective measurements as excitations, frustrations and commitments, 

for the evaluation of multimodal dialog systems, which are obtained from the EEG signals using the Emotiv 

device, being possible to determine the differences between each one of these signals and the levels of intensity 

that presents each one. On the other hand, in [3] the affectation of the binaural tone pulses at 10 Hz is presented, 

for alpha and beta brain waves, by means of EEG, for which 33 students were randomly selected from the 

University of MARA, whom had to close the eyes and by means of Emotiv and Matlab, the information 

gathered was processed  with the purpose of examining the Alpha and Beta waves before and after listening 

the binaural pulses. 

In [4] A brain-machine interface (BMI) was tested with a robotic arm, using the EEG device known 

as Emotiv, with the purpose of determining whether it was possible to the Emotiv controlling these devices. On 

the other hand, in [5] the human-machine interaction through teleoperation was investigated, with the help of a 

brain-computer interface (BCI) as is the Emotiv and Nereosky, testing the differences and similarities between 
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these two devices for controlling a type NXT robot. In a similar way, [6] describes a first approximation to the 

BCI through a video game, where the user is able to carry out complicated tasks by only controlling the mind. 

In [7] a HMI interface is presented for remote control of an electric wheelchair through two movements of 

the head, which is detected and transmitted by the Emotiv device. On the other hand, in [8] SSVEP is 

implemented as a system based on a BCI through Emotiv and Matlab with a transfer rate in line of 95.83%. 

In [9] the experiment for the P-300 rhythm detection of EEG signals is described by means of Emotiv, for 

its application in BCI interfaces. On the other hand, in [10] a game is developed where the player controls an 

avatar through a maze by means of a BCI interface, which analyzes the responses of the potential visual evoked 

(SSVEP) in stationary state, by means of using the Emotiv EEG. 

Finally in [11] and [12], the Emotiv is used as part of an BCI interface with the aim of rehabilitating 

patients with stroke and has the capability to control different objects through the internet. 

From all the works studied, the variety of applications that owns the Emotiv as part of a system BCI is 

demonstrated, using brain waves for multiple physical tasks. All of this, shows that the proposed development in 

this paper counts with different analysis and treatment signals methods, produced by the brain and sensed by 

Emotiv. As a main result there is the study of a HMI prototype controlled by BCI interface, using for this case, 

hand signals produced by a person. 

 

METHODS AND MATERIALS 

 

In order to develop this study is necessary the Emotiv, which is a wireless BCI interface and a contextual 

EEG, which offers fourteen EEG channels from different parts of the brain, offering multiple signals from 

gestures, emotions and thoughts through Emotiv SDK as shown in figure 1 [13]. 

 

 
 

Fig. 1: Emotiv SDK for acquisition of EEG signals. 

 

Additionally the prototype on which was developed this study was a two degrees of freedom manipulator as 

shown in figure 2. 
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Fig. 2: Two degrees of Freedom Manipulator 

Then, was necessary to develop the direct kinematics of this manipulator, with the purpose of controlling its 

position and orientation by means of the movement of a servo motor as one of the robot freedom degrees. 

 

Initially, were taken two extremities, a plane (x, y) and defined the mathematics to use as shown in figure 3. 

 

 
Fig. 3: Graphical Representation Robot model of 2 GDL 

 

In Figure 3 the direct kinematics for a two degrees of freedom robot is defined as �̇� = 𝐽 ∗ �̇� where J is equal 

to the array jacobian that results from derived positions x and y as shown in the equation 1, and �̇� represents the 

movement to be controlled.  

 

⌊
�̇�
�̇�
⌋ = [

−𝑎1𝑠𝑖𝑛𝜃1 − 𝑎2sin(𝜃1 + 𝜃2) 𝑎2sin(𝜃1 + 𝜃2)
𝑎1𝑐𝑜𝑠𝜃1 + 𝑎2cos(𝜃1 + 𝜃2) 𝑎2cos(𝜃1 + 𝜃2)

] [
𝜃1̇
𝜃2̇

]                      (1) 

 

Once it is defined the mathematics to know the position of each joint, then, it is proceeded to acquire and 

process data from the emotiv epoc, transforming the eyebrows movement in movement for each of the joints 

according to table 1. 

 
Table 1: Rules1 of Movement 

Movement 𝜃1̇ 𝜃2̇ 

Lift left eyebrow +5°/s 0 

Lift Right Eyebrow 0 +5°/s 

Lower Left Eyebrow -5°/s 0 

Lower Right Eyebrow 0 -5°/s 

 

For the acquisition and data processing the matrix programming software MATLAB in its version 8.3 is 

used. For the communication with the Emotiv EPOC+, the libraries and functions API of the SDK that provides 
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Emotiv System were used. 

 
Fig. 4: Process Flow Diagram 

Additionally, measurements of the electric impulses were taken generated by a test subject, male gender in 

an environment free of stress and distractions. The acquisition of the signals was carried out in two stages: 

 

1. Pattern/Control Signal: in this part of the acquisition the test subject kept the mind blank and a 

comfortable resting position. 

 

2. Signal from the movement of eyebrows: The test subject performed movement with his eyebrows, rising 

and lowering them, in order to capture each one of the above actions. 

 

From the sixteen electrodes that owns the headset, only six were selected, taking into account the sensors 

that more variation present at the time of implementing the action mentioned. These sensors are AF3, AF4, F7, 

F8, FC5 and FC6. The signals were sampled with a rate equal to 128 Hz for all frequencies present in a range of 

0 to 64, in compliance with the Nyquist-Shanon criteria. 

After acquiring the two desired signals, by means of Matlab it is proceeded to transform them into in a 

value of +/- 5° with a restriction of -90° to +90° and by means of serial communication RS232 these values are 

converted into impulses for the two servomotors that owns the robotic arm as shown in figure 4. 

 

Results: 

Once the signals are acquired through Emotiv, the response of the most relevant sensors is plotted as 

explained in Figure 4, where by means of Matlab were observed the sensors F3, F4, F7, F8, AF3 and AF4, and 

for the purposes of comparison is graphed the data at rest as seen in Figure 5. 

 

 
Fig. 5: Data from a person is at rest 

 

The, it is proceeded to graph the data of a person by raising both eyebrows as shown in figure 6. 
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Fig. 6: Eyebrows Up 

 

Where in comparison with the figure 5, Figure 6 shows a significant variation in the period of time from 0 

to 1 seconds, where the scale of variation changes from 97 uV to 450 uV, showing an exponential impetus that 

decreases rapidly after a time in each of the selected sensors. Consequently the movement of the two DF 

manipulator is shown in figure 7. 

 
 

Fig. 7: Two DF Manipulator Movement with both Eyebrows Up 

 

Then the data of a person with the eyebrows down is proceeded to graph, as can be shown in figure 8. 

 

 
 

Fig. 8: Eyebrows Down 

 

The response of the figure 8 varies significantly in relation to the time at which the exponential impetus 
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decreases, maintaining the same shape but in a different magnitude. Consequently the movement of the two DF 

manipulator is shown in figure 10. 

 

 
Fig. 9: Left eyebrow down (A) and left eyebrow up (B) 

As is commonly known, the raising or lowering only a single eyebrow presents difficulties for several 

people, for which the data was captured taking into account the limitations of the test subject, whom is capable 

of going up and down only the left eyebrow as shown in figure 9.  

 

 
Fig. 10: both Eyebrows Down 

 

As can be seen from the sensors that changed in its response were the odd ones and comparing Graphs 6 

and 8 with 9, it can be deduced that the right eyebrow will respond to sensors pairs. Additionally, the movement 

of the two DF manipulator caused by Figure 9 is shown in figure 11. 
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Fig. 11: Two DF Manipulator Movement with Left eyebrow down and left eyebrow up 

 

Conclusions: 

The study performed denotes the potential that owns the Emotiv technology, being very broad and has 

several applications in the field of medicine, like in the rehabilitation of persons with physical problems, or in 

the support of persons with disabilities, among others, to mention a few. It is for this reason that this technology 

can be developed in collaboration with more complete BCI interfaces with the aim of expanding the number of 

actual application that exist today. 

As evidenced throughout this work, the development of these applications goes in collaboration with HMI 

systems which are the ones that offer the capability to use EEG signals in different applications. 

The development of this work was limited to the physical capabilities of the user, given that not all the 

people can control the eyebrows muscles in the same way, which limits the application of this prototype, only 

on the basis of the eyebrows movement, but as explained earlier, is not the only sensor available to work out, 

given that there are many additional patterns that Emotiv can detect. 
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