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Abstract: This paper introduces a method for detecting difference between two brain 
activities using raw EEG data. One healthy subject participated in the experiment.EEG was 
measured on the forehead above the eye (FP1 Position) with reference and ground 
electrode are on the ear clip. The data samples contain readings of duration one minute. 
Test of equal variances was carried out on the delta and beta high raw EEG data.  
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INTRODUCTION 

A number of biometrics are being proposed and used in various authentications. It has been 

proposed to use a brain wave (electroencephalogram: EEG) as a biometrics [1]-[6] . There are 

various kind of devices through which EEG can be measured. In medical field EEG is measured 

with many electrodes placed on the scalp [1]-[4], [7]. But placing many electrodes on the scalp 

requires a considerable amount of time for its set up. So, practically it is not advisable to use 

EEG device with many electrode for the application like authentication. Here we have used a 

EEG device with only two electrodes as a result the set up time required is minimum. Moreover 

the final output of the medical EEG devices does not allow us to carry statistical analysis, while 

the device used in this experiment provide us with raw EEG data in the form of excel file so that 

one can carry out the statistical analysis. Electrical changes macroscopically detected on the 

scalp using an electrode are defined as a brain wave. The brain wave is categorized in five 

bands: delta (0.5-3Hz), theta (4-7Hz), alpha (8 13Hz), beta (14-30Hz) and gamma (>30Hz), 

respectively. Depending on different activities of the brain changes occurs on the categorized 

five bands of EEG. In this paper a statistical test is shown which detects the difference in two 

mind state (i) Rest State and (ii) Active State. In active state the activity of counting mentally 

from 100 to 0 is chosen. The statistical analysis is carried out and the observation obtained on 

the delta and beta high is shown in this paper. 

2.Measurement of EEG   

In this paper we use a consumer-use electroencephalograph which has only two electrode, one 

is reference and ground electrode placed on the ear clip and the other is placed on the 

forehead above the eye (FP1 Position). The frequency range is 0.5-50 Hz and the sampling rate 

is 128 Hz. The device is set up and readings of two mind-state is taken. One is in the resting 

state and the other in the active state. In active state the activity of counting mentally from 100 

to 0 is chosen. The readings in the silent environment on one healthy subject is taken. The 

device provide reading in the .EDF file format which is converted in the .XLS excel sheet format. 

The device gives reading on  delta (0.5 - 2.75Hz), theta (3.5 - 6.75Hz), low-alpha (7.5 - 9.25Hz), 

high-alpha (10 - 11.75Hz), low-beta (13 - 16.75Hz), high-beta (18 - 29.75Hz), low-gamma (31 - 

39.75Hz), and mid-gamma (41 - 49.75Hz) and each of this forms a column in the excel sheet. 

The reading of one minute duration on each mind state is taken and 59 sample data is available 

of each of delta, theta, low-alpha, high-alpha, low-beta, high-beta, low-gamma, and mid-

gamma. Six such excel sheets on each of the mind state is chosen and the statistical analysis is 

carried out.  
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3. Analysis of EEG      

Statistical test of equal variances is carried out on the delta EEG raw data available in form of 

column in the excel sheet. Six excel sheet data taken in the resting state and six excel sheet 

data taken in the active state is available. The delta column data and beta-high column data of 

six excel sheet on resting state each containing 59 samples is taken and one column is formed 

for delta and one column is formed for beta-high on two different project file of available 

minitab (trial version) software. Similarly the second column is formed by taking the delta and 

beta-high column data of six excel sheet on active state on two different project files. On these 

two column of each project individually test of equal variances is carried out. Multiple 

comparisons test and Levene’s is used to carry out the test of equal variances in minitab(trial 

version) software. The mathematical formula for multiple comparisons test is: 

 

Where  

ni = the number of observations in sample i 

Yil = the l th observation in sample i 

mi = the trimmed mean for sample i with trim proportions of    

Si = the standard deviation of sample i 

The mathematical formula for levene’s test is: 

 

where Vij = |Xij  Xi|, i = 1, ... , k, j = 1, ... , ni and Xi = median {Xi1,...,Xini}.  
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4. Results of Statistical Analysis 

 

Fig. 1. Result of test of equal variances on delta EEG raw data 

Since the p-value is less than 0.05 the null hypothesis that the variances of the delta are equal is 

rejected since the confidence interval of the standard deviations does not match with each 

other, as shown in figure 1. Similarly the p-value in the cases of beta-high is also less than 0.05 

the null hypothesis that the variances of the beta-high are equal is rejected since the 

confidence interval of the standard deviations does not match with each other, as shown below 

in figure 2.  
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Fig. 2. Result of test of equal variances on beta-high EEG raw data 

5. CONCLUSION 

In this paper, we have shown that one can detect the difference of the two mind states by 

carrying out the statistical analysis. Further analysis can also be done by including more and 

more activities of the brain and detecting the differences in them. Moreover the number of 

subjects can be increased and the statistical analysis can be carried out. Implementing a 

practical application by carrying out the statistical analysis of the EEG raw data is a future 

problem. 
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