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Abstract: The purpose of the following study is to determine patterns generated by 6 movements: Opening / Closing - Eye, Opening / 

Closing-Mouth, Concentration, Meditation, Eye Movement Up / Down, and Left / Right Eye Movement recorded in the prefrontal area 

in the point𝑵𝒛, applying nonparametric spectral estimation techniques, using the Fast Fourier Transform (FFT), Barlett's 

Periodogram, and Welch's Periodogram. For this purpose, the measurements were made externally to 30 subjects in the age range of 18 

to 22 years, taking as reference 200 sessions per movement applying 10 seconds of test. The sampling frequency in the recording was 

equal to𝑭𝒔 = 𝟓𝟏𝟐 𝑯𝒛. The results show sampling frequencies in the range of the Delta 0.5-3.5Hz biosignal applying the FFT method 

and Bartlett's Periodogram, Welch's Periodogram is not recommended for use by applying a rectangular window greater than 4, 

generating attenuation in the harmonics. 
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1. Introduction 

Studies estimate patterns generated by brain activity leading 

to tests called Electroencephalogram (EEG) using surface or 

basal electrodes, Electrocorticogram (ECoG) implementing 

surgical electrodes on the surface of the cerebral cortex, and 

Stereo Electroencephalogram (E-EEG) using surgical 

electrodes of deep application. Surgical tests such as ECoG 

and E-EEG [1], [2] have presented a better visualization in 

the collection of samples in the brain bioelectric activity, 

however, the surgical application of the electrodes entails a 

high-risk, high-cost process, and difficulty in the 

application. The main objectives of EEG studies are focused 

on the biomedical area to find abnormalities such as 

dyslexia, epilepsy, psychological symptoms [3], [4], [5] 

stress tests in adults and children as mentioned [6], 

sleeplessness [7], concentration level [8] and a lower 

percentage in the study of movements, for this the main 

solution focuses on developing electrodes with low loss, 

reusable and easy to apply no matter the cost of acquisition. 

In the present study, a dry contact electrode made of 

Chloride Silver with an accuracy of 95% comparing its 

response with surgical electrodes will be adapted. Results 

applying spectral estimation techniques in encephalographic 

tests have shown the noise immersed in frequencies above 

50 Hz [9],[10] and the frequency relationship of the 

bioelectric signals categorizing 7 basic signals concerning 

the known operating frequency: Delta (1-3 Hz), Theta (4- 

7Hz), Alpha (8-13 Hz), Low Beta (12-15 Hz), Mid Beta (16- 

20Hz), High Beta (21-30 Hz) and Gamma ( ≤ 30 Hz) 

mentioned in [11], [12]. Previous investigations have been 

generated in the determination of the flicker considering the 

result of slow harmonics with narrow peaks in the range of 

0.5 to 7 Hz. However, no related theory has been found in 

the spectral estimation executing movements of Opening/ 

Closing of the Mouth, Movement Upper/ Lower ocular, 

Left/ Right eye movement, Deep meditation and 

Concentration applying spectral estimation techniques such 

as the Fast Fourier Transform (FFT), Bartlett Periodogram 

and Welch Periodogram categorized as nonparametric 

methods of spectral estimation [13]. In the present study the 

results obtained will be shown when applying the 3 types of 

techniques in each movement visualizing the trend of the 

spectrum in the course of time (sessions) [9], frequencies 

with maximum weights per session and maximum harmonic 

variance, focusing the results in the determination of the 

most suitable nonparametric technique for each movement. 

 

2. Material and methods 

The population studied consists in thirty subjects from 18 to 

22 years, not considering sex or physical characteristics. 

They were tested by performing 6 facial movements 

capturing 30 sessions per movement in a span of 10 

seconds per session. The data capture is based on a dry 

(external) electrode where [14] mentions the potential of the 

device at points C3 and C4, in this study the electrode was 

placed at the 𝑁𝑧 point in the prefrontal area using the 

International System (SI) 10/20 [15], [4] referenced by the 
left lobe [11]. Each movement involved 300 seconds of 

continuous tests with breaks of 36 seconds per session 

obtaining a total of 23 minutes per movement and 138 

minutes per subject. The conditioning of the signal 𝑥(𝑛) 
was done applying a Butterworth Low-Pass filter of 

−60 𝑑𝐵 followed by an Amplification and Conversion A / 

D stage [1], the sampling frequency (𝐹𝑠 ) was equal to 
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512 𝐻𝑧 computing with a resolution of 16 Bit's. Based on 

the Discrete Fourier Transform (DFT) characterized by 
∞ 

 
𝑁 

( )−1 
2 

∑  𝑥(2𝑚 + 1)𝑊𝑘(2𝑚 +1) (9) 

 
 Where 

𝑋(𝜔) =    ∑   𝑥(𝑛)𝑒−𝑗 𝜔𝑛 

𝑛=−∞ 

(1) 
𝑚=0 

Expression (8) shows the division of the DFT into two 
subsets with 𝑁/2 , where 𝑛 𝑝𝑎𝑟 specifies the set of even 

𝑋 (𝜔) represents the frequency vector bounded in 

(−∞, ∞), 𝑥(𝑛) represents the brain signal converted in 

time (𝑡) to samples (n) through a preprocessing stage. The 

expression 𝑒−𝑗 𝜔𝑛 is represented in practical cases as 
−𝑗𝛼 

samples and 𝑛 𝑜𝑑𝑑   the odd samples, generating two 

𝐹1(𝑘)and 𝐹2(𝑘)when performing the technique  of 

processing.  The symmetry properties  allow the 
conversion𝑊2 = 𝑊𝑁/2, proposing the expression (9) as 

𝑒 = cos(𝛼) − 𝑗𝑠𝑒𝑛(𝛼) (2) 𝑁 

 

2.1. Linear Transformation in Discrete Fourier 

Transform (DFT) 

 

The model visualized in (1) is linearized the expression as 

 
𝑁 

( )−1 
2 

𝑋(𝑘) = ∑  𝑓1(𝑚)𝑊𝑘𝑚 + ⋯ 
 

𝑚=0 
2

 
𝑁 

( )−1 
2 

𝑁−1 𝑊𝑘 ∑ 𝑓 (𝑚)𝑊𝑘𝑚 
 

 

(10) 

𝑋(𝑘) =   ∑ 𝑥(𝑛)𝑊𝑁 
𝑘𝑛 , 𝑘 = 0,1 … , 𝑁 − 1 (3) 𝑁 2 𝑁 

𝑚=0 
2

 

𝑛=0 
𝑗 2𝜋 − 

 

𝐹1(𝑘) + 𝑊𝑘 𝐹2(𝑘), 𝑘 = 0,1, … , 𝑁 − 1 (11) 
𝑊𝑁 = 𝑒   𝑁 (4) 

In the previous equation 𝑁 is the length of the sample 
vector (𝑛) , 𝑾𝑁 is the complex matrix of dimension NxN 

represented as 

The data length is transformed by two data vectors 

𝑓1(𝑚)and 𝑓2(𝑚)obtaining two DFT with a shorter 

processing time, reducing 0 ≤ 𝑚 ≤ 𝑁/2. The previous 

 
 

𝑊𝑁 = 

1 1 1 … 1 
𝖥 1 𝑊𝑁 𝑊𝑁 

2    … 𝑊𝑁 
𝑁−1 1 

I 
(5) 

relationship contemplates the following process 

 

𝑋(𝑘) = 𝐹1(𝑘) + 𝑊𝑘 𝐹2(𝑘), … 

L 1 𝑊𝑁 
𝑁−1 𝑊𝑁 

2(𝑁−1)   …    𝑊𝑁 
(𝑁−1)(𝑁−1)  

𝑁 
𝑘 = 0,1, … , 

2 
− 1 (12) 

The expression (3), (4) and (5) is simplified making a series 
obtaining the generalized terms in the analysis carried out, 

𝑋 (𝑘 + 
𝑁

) = 𝐹 (𝑘) − 𝑊𝑘 𝐹 (𝑘), … 
2 1 𝑁 2 

as shown below 
−𝑗 2𝜋(0)(0) 

 

 

 
−𝑗 2𝜋(1)(0) 

 

 

 
−𝑗 2𝜋(𝑁−1)(0) 

 

𝑁 
𝑘 = 0,1, … , 

2 
− 1 (13) 

𝑋(0) = 𝑥(0)𝑒 

 
𝑋(1) = 𝑥(0)𝑒 

𝑁 + 𝑥(1)𝑒 
 

−𝑗 2𝜋(0)(1) 

𝑁 + 𝑥(1)𝑒 

𝑁 + ⋯ + 𝑥(𝑁 − 1)𝑒 𝑁 

 
−𝑗 2𝜋(1)(1) 

𝑁 + ⋯ 
−𝑗 2𝜋 (𝑁−1)(1) 

 

2.3. Power Spectral Density 

 
The Power   Spectral   Density   (PSD)   expressed   as   E 

+ 𝑥(𝑁 − 1)𝑒 𝑁 (6) 
represents the area under the curve of a signal in time (𝑡) 

𝑋(2) = 𝑥(0)𝑒 
−𝑗 2𝜋 (0)(2) 

𝑁 + 𝑥(1)𝑒 
−𝑗 2𝜋 (1)(2) 

𝑁 + ⋯ + 𝑥(𝑁 − 1)𝑒 
⋮ 

−𝑗 2𝜋 (𝑁−1)(2) 

𝑁 
by raising its absolute value squared in all 𝑡 ∈ (−∞, ∞) 
when finite energy < ∞ , the expression is given as 

∞ 

𝑋(𝑁 − 1) = 𝑥(0)𝑒 
−𝑗 2𝜋 (0)(𝑁−1) 

𝑁 + 𝑥(1)𝑒 
−𝑗 2𝜋(1)(𝑁−1) 

𝑁 + ⋯ 𝐸 = ∫    |𝑋𝑎 (𝑡)|2𝑑𝑡 < ∞ (14) 

+ 𝑥(𝑁 − 1)𝑒 
−𝑗 2𝜋(𝑁−1)(𝑁−1) 

𝑁 

−∞ 

The result of finite energy in a sampled vector contemplates 
To compute the expression (6) it is used the trigonometric the existence of its DFT, as specified below 

expressions changing𝑒 
−𝑗 2𝜋𝑛𝑘 

𝑁 = cos ( 
−2𝜋𝑛𝑘 

) +
 

𝑁 

∞ 

𝑋𝑎 (𝐹) = ∫   𝑥𝑎 (𝑡)𝑒−𝑗2𝜋𝐹𝑡  𝑑𝑡 (15) 

𝑗𝑠𝑒𝑛 (
−2𝜋𝑛𝑘 

)obtaining the graph of magnitude |𝑋(𝑘)| and 
𝑁 

phase of the spectrum ∠𝑋(𝑘). 

−∞ 

applying Parseval's Theorem in (15) it is corroborated that 
the power of the signals is equivalent to the sum of the 

power in their spectral components, agreed with [18]. 
2.2. Fast Fourier Transform (FFT) ∞ ∞ 

𝐸 =  ∫  |𝑥𝑎 (𝑡)|2𝑑𝑡 =  ∫   |𝑋𝑎 (𝐹)|2𝑑𝐹 (16) 
−∞ −∞ 

The application of the FFT has been the most common 

method in spectral analysis, as mentioned in [16], [11], 

[15]. In this section, the application was based on the base 2 

algorithm in the vector 𝑥 (𝑛) with 𝑁 equal to 5120 samples 

adding zeros in relation to the nearest base 2 of the vector 

8192 samples. The results were computed through 

expressions 
𝑁−1 

𝑋(𝑘) =  ∑ 𝑥(𝑛)𝑊𝑘𝑛 , 𝑘 = 0,1, … , 𝑁 − 1 (7) 

𝑛=0 

𝑋(𝑘) =   ∑  𝑥(𝑛) 𝑊𝑘𝑛 + ∑   𝑥(𝑛) 𝑊𝑘𝑛 (8) 

𝑆𝑥𝑥 (𝐹) = |𝑋𝑎 (𝐹)|2 (17) 

 
Where 𝑆𝑥𝑥 (𝐹) represents the sum of the harmonics 
expressed in spectral power and|𝑋𝑎 (𝐹)|2is the squared 

modulus of the Fourier transform of the vector𝑥𝑎 (𝑡). 
Another path defined in the obtaining of the PSD is based 

on the Autocorrelation function𝑅𝑥𝑥 (𝑟), being the result of 

the  multiplication  of  two  functions  where    𝑥𝑎 (𝑡 + 
𝑟represents the displacement in τ of the sampled vector, the 
expression (18) details at [18]. It is finalized by obtaining 
the DFT of the Autocorrelation function [11] evaluating it 

 𝑛 𝑝𝑎𝑟 
𝑁 

( )−1 
2 

I 1 𝑊𝑁 
2 𝑊𝑁 

4 … 𝑊𝑁 
2(𝑁−1) 

I 
I  ⋮ ⋮ ⋮ … ⋮ I 
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𝑁 

𝑁 𝑁 

𝑛 𝑖𝑚𝑝𝑎𝑟 
in the interval (−∞, ∞) 
by means of the definite 

integral. Equation (19) specifies the spectral power obtained by each 

𝑋(𝑘) =  ∑  𝑥(2𝑚)𝑊2𝑚𝑘 + ⋯ movement by applying the DFT. 

𝑚=0 
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𝑥𝑥 𝑥𝑥 

𝑥𝑥 𝑥𝑥 

∞ 
𝑅𝑥𝑥 (𝑟) = ∫    𝑥∗(𝑡)𝑥 (𝑡 + 𝑟)𝑑𝑡 (18) more dissipated spectrum eliminating the low amplitude 

harmonics. 
𝑎 𝑎 −∞ 

∞ 
𝐿−1 

𝑆𝑥𝑥 (𝐹) = |𝑋𝑎 (𝐹)|2 = ∫    𝑅𝑥𝑥 (𝑟)𝑒−𝑗2𝜋𝐹𝑟 𝑑𝑟 
−∞ 

(19) 𝐸[𝑃𝑊 𝑥𝑥 
(𝑓)] = 

1 
∑ 𝐸[�̃�(𝑖)

 
𝐿 

𝑖=0 

𝑥𝑥 (𝑓)] (26) 

2.4. Barlett´s Periodogram 

 

The reduction of the variance is based on subdividing the 

data sequences 𝑥(𝑛) into several non-overlapping windows 

𝑀 by superimposing the windows when applying the DFT. 

The data vector 𝑥𝑖 (𝑛)relates a segment of the vector 

𝑥(𝑛)within a range 0 ≤ 𝑛 ≤ 𝑀 − 1. A defined periodic 

𝐸[𝑃𝑊𝑥𝑥 (𝑓)] = 𝐸[�̃�(𝑖)
𝑥𝑥 (𝑓)] (27) 

 
The distributions of the Energy in the harmonics are 
considered as the average of the modified Periodogram 

named as 𝐸[𝑃𝑊
𝑥𝑥 (𝑓)] in the expression (26). The expanded 

equation of the Periodogram is specified in (27). 

𝐸[�̃�(𝑖)
𝑥𝑥 (𝑓)] 
𝑀−1 𝑀−1 

signal would express a defined weighted average, the weak 

encephalographic signals show non-permanent cycles with 

varying frequency weights determined as noise [10] 

1 
= 

𝑀𝑈 
∑ ∑ 

𝑛=0 𝑚=0 

𝑤(𝑛)𝑤(𝑚)𝐸[𝑥𝑖(𝑛)𝑥∗𝑖(𝑚)]𝑒−2𝑗𝜋𝑓    (𝑛−𝑚)  
(28) 

decreasing the harmonics eliminated by means of the 

averaged 
3. Results and Discussion 

 
𝑃(𝑖) 

𝑀−1 2 

(𝑓) =  
1 

| ∑ 𝑥 (𝑛)𝑒−𝑗2𝜋𝑓𝑛 |   , … 
 

3.1. Raw Signal and FFT processing 
𝑥𝑥 𝑀 𝑖 

𝑛=0 

𝑖 = 0,1, … , 𝐾 − 1 (20) 
𝐾−1 1 

Figure 1 shows the biosignals in magnitude (𝜇𝑉)and Time 
(𝑠) when performing the 6 movements known as a RAW 

𝑃𝐵 (𝑓) = ∑ 𝑃(𝑖)(𝑓) 
𝐾 

𝑖=0 

(21) signal, no previous preprocessing stage was performed in 

the development of the analysis, and the concentration and 
The   expression   (20)   shows   the   calculation   of   the 

periodogram by segments, where 𝑃(𝑖)
𝑥𝑥 (𝑓)represents the 

PSD in each segment of length M, denotes the application 

of the DFT in the expression 𝑥𝑖 (𝑛)𝑒−𝑗2𝜋𝑓𝑛 . The Bartlett 
periodogram   is expressed in    equation (21) where 

𝑃𝐵
𝑥𝑥 (𝑓)represents the average PSD of each segment i from 

0 ≤ 𝑖 ≤ 𝐾 − 1for all windows with data length 𝑀. 
𝐾−1 

1 

meditation tests do not visualize patterns direct [1].The tests 
carried out do not show upper and lower amplitudes in the 

range of 600 𝜇𝑉 to −600 𝜇𝑉, the synchronization of the 

equipment delays the recorded signal 1.2 𝑆𝑒𝑔, proposing to 
visualize 8 complete Segs. Figure 1(a) contains Delta, Theta 
and Alpha components, each flashing is specified as a high- 

weighting cycle (𝑉𝑚𝑎𝑥 ) and low (𝑉𝑚𝑖𝑛 ), the concentration of 

the subject is measured between the span of each opening 
𝐸[𝑃𝐵𝑥𝑥 (𝑓)] = 

𝐾 
∑ 𝐸[𝑃(𝑖)𝑥𝑥 (𝑓)] = 𝐸[𝑃(𝑖)𝑥𝑥 (𝑓)]    (22) 
𝑖=0 

obtaining variations within the 100 to -100μV range. Figure 

1(b) presents variations within two overshoots, the first 

2.5. Periodograma de Welch 
 

The result presented in the previous section shows the 

application of Barlett's Periodogram (Without overlapping). 

The estimation of the Welch method represents an overlap 

and a windowing to obtain the average of the Power 

Spectrum [18] represented as follows: 

overshoot specifies the movement when making the lock in 

the mouth causing variations by the pressure of the muscles 

zygomatic major, zygomatic minor, risorio, platysma and 

depressors, the overshoot it ends when the mouth is opened, 

relaxing the muscles, decreasing the pressure, the described 

phenomenon is visualized in the seconds 0 to 4. The Figure 

1(c) focuses on the variations produced by the concentrated 

 
𝑃(𝑖) 

 
 

𝑥𝑥 

1 
(𝑓) = 

𝑀𝑈 

𝑀−1 2 

| ∑ 𝑥𝑖(𝑛)𝑤(𝑛)𝑒−𝑗2𝜋𝑓𝑛 |   , … 

𝑛=0 

subject where a range in amplitude is obtained within 
150 to − 50𝜇𝑉, the results do not specify dominant 

harmonics or spectral trends in the sessions, contributing as 
a primary characteristic to  the constant variability of the 

𝑖 = 0,1, … , 𝐿 − 1 (23) 

The expression 𝑃(𝑖)
𝑥𝑥 (𝑓) represents the Modified Welch 

Periodogram, M the length of the segment window, 𝑈 the 
normalization factor for the power of the window function 

ending with 𝑤 (𝑛) representing the window. Obtaining the 

constant 𝑈 is obtained by calculating the average of the 

values of the window squared between the data number 𝑀 
expressed as: 

𝑀−1 

𝑈 =  
1 

∑ 𝑤2(𝑛) (24) 
𝑀 

𝑛=0 

The set of segments is averaged overlapping Bartlett's 
Periodogram products with the window, obtaining the PSD. 

𝐿−1 1 

subject without weights in the sampled signal 𝑥(𝑛).The 

decrease in magnitude was considered in Figures 1(c) and 

(d) by limiting the range to 250 to - 50 μV.The Figure 1(e) 

maintains a trend compared to Figure 1(a) the maximum 

positive impulse maintains an amplitude of 600 𝜇𝑉, while 

differing in the amplitude of the reverse peak maintaining a 

value close to −200 𝜇𝑉, each overshoot emphasizes less 

narrow lobes [9] visualizing concentrations in the intervals 

of change in potential. Figures 1 (a), (e) and (f) present 

convolutions with different amplitude variations, atypical 

amplitudes are visualized, and the quality of the signal in the 

current test is linked to the test subject in most situations a 
signal was obtained with a noise similar to the concentration 

𝑃𝑊(𝑓) = ∑ �̃�
(𝑖)

(𝑓) 
𝐿 (25) with minimal deformations representing the Left / Right eye 
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𝑥𝑥 

𝑖=0 

The term of the equation (25) 𝑃𝑊 (𝑓) is the result of the 
Welch periodogram in PSD   estimating the   

harmonics 

present in the spectrum, the smoothing given to the set 

of averages made and the product of the window 

generates a movement. The process shown in equations (1) 

to (19) was concretized in the obtaining of the spectral 

analysis where 

𝑆𝑥𝑥 (𝐹)is specified in dB obtaining it given the relation of 

10𝑙𝑜𝑔10in the power spectral density(𝑃𝑆𝐷). Figures 2 

presents the best seconds per test performed on 30 

subjects, applying 200 tests for each movement. Figures 

2(a) shows the overlapping evolutions and harmonics to 

observe the effect of the average PSD in all sessions in 

Delta, the yellow dotted line specifies the average of each 

test obtaining 4 weighted frequencies found in 𝑓1 = 
0.2𝐻𝑧, 𝑓2 = 0.7 𝐻𝑧, 

𝑓3 = 1.2 𝐻𝑧 and 𝑓4 = 1.7 𝐻𝑧 in the frequency range of 

0.5 𝑎 2 𝐻𝑧 the tests show similarity throughout the course 

in frequency 𝑋(𝜔), in higher frequencies variations of 
random brain activity (concentration) are obtained. 

 

 

Figure 1: Real signals in the 6 movements captured in 

subject 1: a) Opening/Close-Eye, b) Opening/Close-Boca, 

c) Concentration, d) Meditation, e) Up/Down-Eye y f) 

Left/Right-Eye 

 
The Figure 2(b) focuses on abrupt variations maintaining a 

margin in the estimation of the range in frequency and 

amplitude in PSD, the interacting harmonics are found in 

𝑓1 = 0.9 𝐻𝑧, 𝑓2 = 1.8 𝐻𝑧 and 𝑓3 = 2.7𝐻𝑧, the assiduity 

specifies multiples in frequency, the components show greater 

biopotentials in the range of the Delta biosignals [16], and in 

higher frequencies the level of negative PSD decreases. Figure 

2(c) shows non-point random encephalic 

activity in the determination of the concentration, a quasi- null 

average is visualized given the variance of the samples, and 

the variations shown in the graphs show a range in PSD (dB) 

in 10 a−10𝑑𝐵, in the Theta, Alpha, Low Beta, Mid Beta, 

High Beta ranges maintains similar weightings, frequencies 

greater than 30 𝐻𝑧 [20], [21] in the Gamma range the 

signal decrement is displayed, in the points C3 and C4 weights 

have been found at 20 Hz [14]. Figure 2(d) locates harmonics 

in the Alpha range obtaining variations in frequency in the 

range of 9.6 𝑡𝑜 11.6 𝐻𝑧, lower frequencies do not show point 

harmonics to obtain a reference in the spectrum, frequencies 

greater than 11.6 𝐻𝑧 decrease in magnitude, lower at 9.6 𝐻𝑧 
they remain constant obtaining similarity with the 

concentration. In the Figure 2(e) present a distinction in 

harmonics in relation to Figure 2(a), as it´s observed in the raw 

signal visualizing Figure 1(a) the samples of the data vector 

𝑥(𝑛) specify a similar pattern, the main difference lies in its 

frequency components obtaining harmonics in 𝑓1 = 0.5 𝐻𝑧, 

𝑓2 = 1.5 𝐻𝑧 and 𝑓3 = 2.5 𝐻𝑧 
shown in the averaged signal, the ponderations show an 

increase of 1 𝐻𝑧 in each interval, confirming a multiple in 

frequency, the PSD (dB) is within the range of 18.4 𝑡𝑜 − 
10𝑑𝐵, the harmonics are found in the Delta biosignal. The 

Figure 2(f), does not present harmonics defined in the 

average signal Left / Right eye movement presents a high 

concentration factor, in tests performed, a value greater than 

95% of subjects presented a large number of unwanted 

variations, visualizing in Figure 1(f) the sample vector of 10 

subjects considered as remaining 5% obtaining a good 

visualization, The Figure 2(c), (d) and (f) show harmonics 

with different working ranges [19], The Figure 2(f) presents 

amplitudes in PSD(dB) of 5 − 10 𝑑𝐵 focused in Delta 

biopotential, the frequency ranges were limited, frequencies 

greater than 3.5 𝐻𝑧 the magnitude decreases.The results 

present below show the spectral variations 𝑋(𝜔) over the 

time course (𝑡) of the sample, taking the frequency range 

Delta as a 

reference.
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Figure 1: Processing by applying Fast Fourier Transform 

in 6 movements in 200 tests in 10 Seg (𝑁 = 5120, 0.5 ≤ 

∆≤ 
3.5 𝐻𝑧, 7 ≤ 𝛼 ≤ 13 𝐻𝑧-Meditation): a) Opening/Close-Eye, 

b) Opening/Close-Boca, c) Concentration, d) Meditation, 

e) Up/Down-Eye y f) Left/Right-Eye. 

Figure 3(a) shows the flickering movement or Opening / 

Closing - Eye interacting 3 weighted frequencies obtaining 

the same energy in PSD (dB) of |𝑋𝑎 (𝑓)|2, the tests do not 

present deformations over time in the slow wave 

frequencies. Figure 3(b) represents the Opening / Closing 

Movement - Mouth obtaining two weights with a straight 

trajectory throughout the spectral harmonic, the openings 

and closures with the greatest magnitude are generated by 

Delta harmonics in the range of 0.5 𝑎 1.5𝐻𝑧. 
 

Figure 2: Pseudo-tridimensional graphic of evolution in 

frequency - FFT: a) Opening/Close-Eye, b) Opening/Close- 

Boca, c) Concentration, d) Meditation, e) Up/Down-Eye y f) 

Left/Right-Eye Figure 3(c) shows the concentration in the 

subjects visualizing a set of variant harmonics with a scaled 

spectral density, the results obtained by [22] show similarity 

in the temporal course, some sessions have higher energy 

PSD (dB) given the ease in subject concentration and brain 

activity shown by highlighting tests 0 a 21, 
50, 103, 165 𝑦 199. Theobservation range was modified in 

Figure 3 (d) showing the harmonics in the Alpha range of the 

Meditation test [23], There is a set of harmonics with high 

PSD (dB) magnitudes compared to the tests shown in Figure 

3(a), (b) and (c), the Delta range was not considered as a 

consequence of flat surfaces (no variants). Figure 3(e) 

represents the movement of Up / Down-eye movement 

achieving two obvious harmonics characterizing the upper 

movement of the eyepiece as the higher frequency (𝑓𝑚𝑎𝑥 ) and 
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lower movement of the eyepiece (𝑓𝑚𝑖𝑛 ). Figure 

3(f)    show    the    movement    left/right-eye    movement 

characterized by the mean of two frequencies with 

magnitudes close to concentration.The movement 

frequency values are subtle and do not display 

distinguishable patterns, confusing their harmonics in 

frequency with Concentration or Meditation [1]. 

 
3.2. Bartlett’s periodogram processing 

 

The modification implemented in the DFT shown in (1) - 

(19) implemented the modification by Barlett in segments 

as specified    in    (20)-(22)    obtaining    a    magnitude    

in 

𝑃𝑆𝐷(𝑑𝐵)greater in 𝐸[𝑃𝐵
𝑥𝑥 (𝑓)] ≥ 𝑆𝑥𝑥 (𝑓). Figure 4 shows 

the spectral analysis overlapping the samples made by 
the 30 subjects as was done with the FFT in two-
dimensional graphics, the range of operation of the   

spectrum is at 40 𝑎 − 10 𝑑𝐵 in the Eyes Open / 
Close tests and Eye 

Movement Up / Down, the spectra did not suffer visual 

distortions in the average frequency, the representations 

of the graphs were determined by sessions of 10 seconds. 

A better visualization was obtained in the range of the 

Delta biosignal in 0.5 − 3.5 𝐻𝑧 with the exception of 

Alpha within 7 − 13 𝐻𝑧 in Meditation. Some graphs do 

not show significant frequency evolutions, determining 

the movements according to their range in amplitude. 

Figure 4(a) implements Barlett's Periodogram spectral 

technique with 2 segments, with a segment length equal to 

𝑀 = 2560, determining if there is variation in the final 

averaging in each stage, the 200 tests performed show no 

significant deformation in the average signal with 

harmonics in 0.7,1.2 𝑦 1.7 𝐻𝑧 as obtained in Figure 

2(a).The graph shown in Figure 4(b) does not show 

differences in components comparing the result with the 

FFT, the maximum magnitude 

𝑃𝑆𝐷𝑚𝑎𝑥 implied by the averaged signal is 32.81 𝑑𝐵. 

Figures 4(c), (d), (e), and (f) show the same harmonics 
with changes in amplitude with respect to Figures 2(c), 
(d), (e) and (f) in the Delta frequency range, both 
techniques show similar behavior in the 6 movements, 
smoothing occurs at higher frequencies directed to 
harmonics in Theta to Gamma, isolating the 
phenomenon of Meditation decreasing its 

magnitude at higher frequencies of the Theta biosignal. 

Figure 5(a) maintains the pattern found in Figure 2(a) 

with the difference in the spectral density, the harmonics 

evolved in time show the same linear trajectory in all the 

sessions, and the averaging of the 2 segments does not 

show an important variation in the decrease of the 

concentration signal compared to the FFT in the Delta 

section. Figure 5(b) represents the most smoothed set of 

frequencies with respect to Figure 2(b), the negative 

increments denote an attenuated PSD (dB) due to K 

factor. 
 

 

Figure 3: Processing by applying Barlett´s Periodogram in 6 

movements in 200 tests in 10 Seg (N=5120,0.5≤∆≤3.5 Hz, 

7≤α≤13 Hz-Meditation): a) Opening/Close-Eye, b) 

Opening/Close-Boca, c) Concentration, d) Meditation, e) 

Up/Down-Eye y f) Left/Right-Eye. 

 

Following the Figure 5(c) shows a similar phenomenon to the 

processing of the FFT with significant attenuation in the 

outstanding harmonics, the process does not show a set of 

harmonics with relevant temporal evolution, however, the 

result is similar to other techniques focusing on frequencies in 

0.5 𝑡𝑜 3.5 𝐻𝑧 obtaining the largest amplitude of dB as 

mentioned [23], no destructive attenuation is generated, as 

specified in [22]. The range of operation in Meditation is 

visualized in Figure 5(d) expresses point harmonics with 

semilinear time evolution, obtaining results that vary around a 

range in operation frequency, as verified in Figure 4(d) 

variations increased in magnitude, a smaller number of tests 

denote smoothing in negative magnitudes. Figures 5(e) and 

(f) do not show significant changes in better visualization of 

the spectrum, they maintain proportion in amplitude in 

comparison with Figures 2(e) and (f) the harmonics do not 

show changes in frequency. The implementation of the 

Bartlett Periodogram with 2 segments did not obtain a better 

result compared to the FFT, the averaging of the alpha 

biosignal, Low Beta, Mid Beta, High Beta, and Gamma was 

not attenuated by applying two segments. 

 

3.3. Application and selection of window in Welch 

Periodogram 

 

The selection of the technique was performed by comparing 

the individual frequency response of test 1 for the Opening / 
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Closing movement - Eye showing the working range of 

the Delta biopotential, Figure 6(a) comparing each 

window 

𝑤 (𝑛 ) Rectangular with each Welch Periodogram 

applying different segments.The test was carried out 

applying Welch's Periodogram method for an even 

number of 2,4,8,16 and 32 in relation to Barlett's 

Periodogram and the FFT. 

 

Figure 4: Pseudo-tridimensional graphic of evolution in 

frequency – Barlett´s Periodogram:a) Opening/Close-Eye, 

b) Opening/Close-Boca, c) Concentration, d) Meditation, e) 

Up/Down-Eye y f) Left/Right-Eye 
 

The magnitude in 𝑆𝑥𝑥 (𝐹) has similar characteristics in 

𝐸[𝑃𝐵 𝑥𝑥 (𝑓)], the signal with a rectangular window in 

𝐸[𝑃𝑊 𝑥𝑥 (𝑓)]    attenuates   the   frequency   response   from 

𝑤(𝑛) = 8 and the 32 windows deforms the frequency 
response due to the overlapping and averaging of the signals 

generating a difference between the window result, keeping in 

mind that the harmonics do not present an ideal model, there is 

an error of variance in each signal (not studied in this paper) 

leading to an attenuation of the dominant peaks linearizing the 

frequency response. Figure 6 (b) represents the same test 

performing the processing with the Welch Periodogram with a 

Hanning window, where signals with higher smoothing are 

obtained obtaining a lower spectral density in the harmonics. 

Comparing the results in both windows, a better spectral 

estimation is obtained by selecting the rectangular window 

with𝑤(𝑛) = 4, the Hanning window making use of 4 

windows of the vector 

𝑥(𝑛) softens the weights by losing the harmonics. Performing 

the spectral analysis by applying a sampling frequency 𝐹𝑠 lower 

than that described in this paper will not present consistent 
results. 

 

 

Figure 5: Spectral analysis of subject 1 in movements of 

Opening/Close – Eye comparing in: (a) FFT, Barlett´s 

Periodogram, Welch´s Periodogram (Rectangular) with 

𝑤(𝑛) 2-4-8-16-32 y (b) FFT, Barlett´s Periodogram, 

Welch´s Periodogram (Hanning) with 𝑤(𝑛) 2-4-8-16-32. 

 

3.4. Welch´s Periodogram processing 

 

Developing the modification made by Welch in the Barlett´s 

Periodogram shown in (23) to (27) where 𝑀 = 4 with a length 

in the window 𝐿 = 1280, an increase in PSD was obtained in 

Figure 7(a) deformation in the frequency response visualizing 

the 3 harmonics present in Figure 2(a) and Figure 4(a), the 

range of variation in amplitude decreases compared to the 
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results with Barlett. Figure 7(b) presents    weights    with    

wider    lobes    at    frequencies 

0.8.1.7 𝑎𝑛𝑑 2.6 𝐻𝑧 with noise input at frequencies 

below0.8 𝐻𝑧. Figure 7(c) presents the immersion of 

harmonics throughout the course in frequency deforming 

the resulting average signal. Figure 7 (d) in comparison 

with Figure 2(d) and Figure 4(d) does not show a 

significant result, the averaging of the windows allows 

the slight smoothing of the frequency weighted in the 

Alpha section, such as the harmonics are within 9 to 12 
𝐻𝑧. Figure 7 (e) presents deformations in frequency in the 

1.5 and 2.5𝐻𝑧 harmonics, the frequencies shown are 

displayed correctly with smoothed lobes. Figure 7(f) 

presents harmonic dives at frequencies below 1.1 𝐻𝑧 
obtaining the result compared with Figure 2(f) and 

Figure 4(f).Figure 8 presents the results in the pseudo-

dimensional graphs applying Welch's Periodogram 

processing with a rectangular window. The temporal 

evolution remains constant in the movement tests 

Opening / Closing - Eye, Opening / Closing - Mouth, Up 

/ Down - Eye and left / Right - Eye comparing the results 

with Figures. 5 and 3, the modification observed in 

Figures 8(c) and (f) are shown throughout the temporal 

evolution at frequencies lower than 2 𝐻𝑧 in the 

concentration decreasing the amplitude with increasing 

frequency. 

 
Figure 6: Processing by applying Welch´s Periodogram 

(Rectangular) 𝑤(𝑛) = 2 in 6 movements in 200 tests in 

10- second periods (N=5120,0.5≤∆≤3.5 Hz, 7≤α≤13 Hz- 

Meditation): a) Opening/Close-Eye, b) Opening/Close- 

Boca, c) Concentration, d) Meditation, e) Up/Down-Eye 

y 

f) Left/Right-Eye 

 

3.5. Comparison of analysis in frequency response 

 

In this subsection, the components of maximum values 

are shown in each movement applying the 3 techniques 

shown previously. Figure8 shows the time evolution of 

the maximum amplitude values in frequency 

corresponding to 2000 seconds of observation by 

movement, it is visualized that the algorithm of the FFT 

and Bartlett's Periodogram maintains in most movements 

identical frequency amplitudes [21]. Figure 9 (a) specifies 

the movement of Opening / Closing of Eyes visualizing 

consecutive patterns in 1.2 𝑎𝑛𝑑 1.7 𝐻𝑧 in the methods of 

the FFT and Barlett's Periodogram while applying the 

Welch Periodogram technique is obtained in 0.8 and 1.3 
𝐻𝑧 The Figure9(b) presents a harmonic in 2.7 𝐻𝑧 in the 

FFT and Barlett's Periodogram while the Welch’s 

Periodogram is offset by obtaining it in the 2.3 Hz 

harmonic. Figure9(c) presents a maximum amplitude 

scattering in the FFT and Bartlett's Periodogram not 

presenting a definite time evolution, relating the results 

with Figures 2(c), 5(c) and 9(c), the Welch Periodogram 

shows a weighting frequency of 

0.1 𝐻𝑧, the result of an averaging of the variant samples, the 

result is obtained given the smoothing of the spectrum. 

Figure9(e) shows 1 harmonic defined in 1.5 𝐻𝑧 generated by 

theFFT and Bartlett, applying the spectral estimation 

technique of the Welch Periodogram visualizes a harmonic 

environment at 1.1 𝐻𝑧. Figure9(f) presents a recreation not 

relating a constant pattern around a reference frequency in the 

FFT and Barlett technique, the Welch technique presents a 

component in frequency 0.1 𝐻𝑧 similar to Figure9(c) agreed 

with [22] the frequency weights with pseudo-three-

dimensional graphics visualize the pattern obtained with 

Welch's Periodogram. The segment deformed in frequency in 

the temporal evolution in the Concentration test allows 

defining in detail a frequency of recognition, considering in 

the study that the harmonics do not present a notorious 

definition in a real situation, it is allowed to apply the Welch 

Periodogram determining if the subject is concentrated. 

0.2  

Figure 8: Two-dimensional diagram representing the 

evolution of maximum magnitudes in 2000 seconds of test: 

a) Opening/Close-Eye, b) Opening/Close-Boca, c) 

Concentration, d) Meditation, e) Up/Down-Eye y f) 

Left/Right-Eye. 
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application of non-parametric techniques. The set of tests was 

carried out applying spectral analysis showing the evolution in 

frequency, magnitude-frequency relation, and average 

frequency. The obtained result showed harmonics found in 

fixed frequencies in the movements of Opening / Closing-

Mouth, Opening / Closing-Eye, Eye Movement Up 

/ Down, and Left / Right Eye Movement, applying the 
FFT processing technique, Bartlett Periodogram with two 
segments and Welch Periodogram with rectangular 

window not overlapping. The elimination of the variance 
within the data set must be stipulated correctly avoiding the 
elimination of harmonics. The methods showed a good 

performance referring to the measurement point𝑁𝑧 , it is not 

intended to obtain a similar resultunder different conditions. 

Barlett's 

 

                      

 

4. Conclusion 

In this study, the comprehensive analysis of 6 basic actions 

carried out daily has been proposed, presenting together the 
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Figure 9: Pseudo-tridimensional graphic of evolution in 

frequency – Welch´s Periodogram: a) Opening/Close-Eye, 

b) Opening/Close-Mouth, c) Concentration, d) Meditation, 

e) Up/Down-Eye y f) Left/Right-Eye. 

 

Periodogram and FFT techniques presented consistent 

results in the search for patterns located in the Delta 

biosignal range. The set of two-dimensional magnitude- 

frequency graphs showed variance in the dispersion of 

harmonics by test in the Concentration and Meditation, in 

the latter a constant operating range is visualized, finding 

the most harmonics with maximum magnitude. The 

Welch´s Periodogram by applying 4 non-overlapping 

rectangular windows is not optimal for the tests performed. 

By contemplating the real frequency response of the 

concentration, it is possible to apply the third method 

allowing using a non-real weighted frequency the 

determination of a concentrated subject. 
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