
 

ENGINEERING RESEARCH JOURNAL (ERJ) 
Vol. 1, No. 44 April 2020, pp.97-102. 

Journal Homepage: erj.bu.edu.eg 

 

 

 

Statistical Analysis of EEG Signals to Find the Relation 
between Heart Rate, Blood Pressure and the Brain Activities 

Abduelaziz Almulaifi, Michael N.Mikhael, Hala A. Mansour 

Faculaty of Engineering at Shoubra, Benha University, Cairo, Egypt.

Abstract: The electroencephalogram (EEG) is a recording of the electrical activity of the brain from the scalp. The 
recorded waveforms reflect the cortical electrical activities. EEG activity is quite small, measured in microvolts (µV). 
The EEG signal frequency ranges from less than 4 Hz and little higher than 30 Hz. The aim of this paper is to find the 
relation between the heart rate, blood pressure and the brain activities. The helping tool used for the measuring and the 
analyzing the EEG signal is called Mindwave head set from Neurosky. The head set is used with its simulation tool in 
conjunction with Matlab for analyzing the EEG signal. The Matlab is used for the extraction of the EEG frequency 
components using the FFT Algorithm. The experiment was done for 9 participants with ages ranging between 26 and 59 
years. The measurements are repeated 10 times on different days, with 2 minutes of signal recording. The average value 
of the main EEG signal components (i.e. Delta, Theta and Alpha1) were calculated. It is found that for the main EEG 
components as the blood pressure decrease the EEG main components values increases. On the other hand, as the heart 
rate increases the EEG main components values decrease. 
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1. Introduction 
The electroencephalogram (EEG) was first measured in 
humans by Hans Berger in 1929. Berger was the first to 
record the electrical activity of the human brain. 
Electrical impulses generated by nerve firings in the 
brain can be measured by electrodes placed on the scalp. 
The EEG gives a coarse view of neural activity and has 

been used to non-invasively study the physiology of the 
brain. EEG activity is quite small signal, measured in 
microvolt (µV) with the main frequencies of interest up 
to approximately 30 Hertz (Hz) and Signal range: 2µV 
(brain death) to several hundred µV. The frequency 
bands in EEG shown in the following table [1-3]: 

  
TABLE 1: Ideal frequency ranges for EEG signals 

2. Literature Review 

Zhengqiang Ni and others in 2011 describes how to 
extract the EEG signal and analyze it using feature 
extraction techniques [4]. Viktors Gopejenko, Ilja 
Mihailovs in 2015, their contributions are summed up in 
the determination of the brain rhythm frequency range 
and their implementation for the education of the 

psychic state identification classifiers. The proposed 
NCI allows the creation of the interaction scenarios with 
a computer based on the mental event control [5]. 
 
Rohit Mankar, Pranav Bawane, Tushar Landge in 2014, 
Their contributions are summed up in using the 
MATLAB for sensing and extracting brain waves. 
Using these extracted brainwaves, they made 

EEG Signal 
Frequency 

Ranges (Hz) 
Remarks Plot of EEG 

Delta <4 Deep sleep stages of normal adults. 

 

 
Theta 

 
4-8 

Normal infants and children as well as 
during drowsiness and sleep in adults. 

 
Alpha 

 
8-14 

Mostly below 50 µV, normal adults during 
relaxed and mentally inactive awakeness. 

 
Beta 

 
14-30 

Mostly below 30 µV, it is enhanced by 
expectancy states and tension. 

 
Gamma 

 
>30 

Usually, it is not of clinical and 
physiological interests and therefore often 

filtered out in EEG recordings. 
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applications for different brain parameters like 
concentration and meditation. Such applications make 
life simpler and capable of showcasing creative aspects 
[6]. Wojciech  in 2014, presenting how to 
record and process the raw EEG signal from the 
MindWave MW001 in the MATLAB environment. His 
work shows how Fast Fourier Transform (FFT) is used 
to find the frequency components from a time domain 
signal. Based on a sample signal and spectral analysis, 
the basic EEG waves are presented [7]. 
 
Meenakshi, Dr. R.K Singh, Prof. A.K Singh in 2014, 
Linear discriminate analysis that are used to detect the 
discrete emotions (surprise, happy, fear, neutral and 
disgust) of human through EEG signals. measure EEG 
signals frequency range relating to seizure, divide them 
into five different domains  
to the total range, and eliminate frequency distribution 
through FFT of EEG signals to compare the difference 

between seizure and healthy subject. Calculations based 
on the selected frequency range [8]. In 2017 D.A. 
Blanco; A. Díaz-Méndez analyze the EEG signal using 
phase indexing technique to detect the human pain [9]. 
 

3. Experiment Explanation 

3.1. Experiment Setup   

The experiment was done for 9 persons with ages 
ranging from 26 years and up to 59 years, all of them 
were males. Each person carries out the measurement 
(i.e. EEG signal extraction and recording, and 
measuring booth heart rate and blood pressure) for 10 
times on different days, with 2 minutes of signal 
recording.  The following sections explains the 
measurement methods.  

3.2. The EEG Signal Extraction 

FIGURE 1: System Block Diagram. 

As shown from the above figure the EEG signal 
extraction consists of Mindwave Neurosky head set as 
EEG interface. The Mindwave head set include 
electrodes, which are fixed on the patient head and 
connected through Bluetooth to the computer. The 
computer used to record the extracted signals  

The recorded EEG signal are saved as a raw data for 
further processing. The first step for the processing was 
the FFT (i.e. fast Fourier Transform). The FFT used to 
find the different frequency components included in the 
EEG signal from which we can get the main EEG 
components (i.e. Delta, Theta, Alpha1, Alpha2, Beta1, 
Beta2, Gamma1 and Gamma2) [ ]. 

After the signals were recorded, some statistical 
calculations carried out on the recorded samples (Min, 
Max, Average) and then compared to the measurements 
of both heart rate and the blood pressure.  

3.3. Measuring the Heart Rate and Blood Pressure. 

The measurement of the patient blood pressure and the 
heart rate is done using a simple digital device like the 
shown in the figure below. 

 

FIGURE 2: Heart rate and Blood pleasure measuring 
device. 

3.4. Sample of the Experiment and data output for 
one person. 

First step, is the fixing of the Mindwave Neurosky head 
set on the patient and start the signal extraction for 2 
Mins. The recorded data of EEG signal will be saved in 
CSV file ad converted easily to excel file. The recorded 
signals are processed using the MATLAB to get the 
corresponding frequency components using the FFT 
[ ] algorithm. In addition, the heart rate (HR) and 
blood pressure (BP) values should be taken 
simultaneously during or after the experiment and 
recorded in a table for each patient. The following table 
shows the results from saving the EEG signal for 2 Mins 
and the analysis using the FFT algorithm to the main 
EEG components. 
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TABLE 2: Example of EEG Signal Analysis and Saving into an Excel Sheet. 

 
 
 

The statistical analysis for 120 Samples (i.e. one sample 
per second from the EEG signal) are: 
 Min and Max. 
 The average. 

The statistical analysis makes it easy to compare the 
EEG signal with the corresponding heart rate (HR) and 
Blood pressure (BP) recorded as shown in the following 
table: 

TABLE 3: BP and HR for first patient during ten days. 

 

3. Results analysis 

The analysis divided into 2 parts: 

 The relation between the EEG signal components 
and the Blood pressure (BP). 

 The relation between the EEG signal components 
and the Heart Rate (HR). 

The following figures shows the comparison between 
the EEG signal components values for different Blood 
Pressure for the same person (Person No. 4). 



Vol. 1, No. 44 April 2020, pp.97-102. Abduelaziz Almulaifi et al. Engineering Research Journal (ERJ)

 

 

 

FIGURE 5: EEG Signal Components for different BP for person No. 4. 

As shown from the above figure it is clear that for the main EEG components (i.e. Delta, Theta and Alpha1) as the 
Blood Pressure decrease the EEG main components values increases, the same analysis also, clear for person No. 7. 

 

FIGURE 6: EEG Signal Components for different BP for person No. 7. 

As shown from the above figure it is clear that for the 
main EEG components (i.e. Delta, Theta and Alpha1) as 
the Blood Pressure decrease the EEG main components 
values increases. 

Another statistical comparison was done between 3 
persons (i.e. person No1, 5 and 4), and also the same 

relation still holds. The following figure shows a 
comparison between the EEG signal components for 3 
different persons, and it is clear that for the main EEG 
components (i.e. Delta, Theta and Alpha1) as the Blood 
Pressure decrease the EEG main components values 
increases. 
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FIGURE 7: EEG Signal Components for different BP for 3 persons No. 1,5 and 4. 

The following figures shows the comparison between the EEG signal components values for different Heart Rates for 
the same person (Person No. 5). 

 

FIGURE 8: EEG Signal Components for different HR for person No. 5. 

As shown from the above figure it is clear that for the main EEG components (i.e. Delta, Theta and Alpha1) as the 
Heart Rate Increases the EEG main components values decrease, the same analysis also, clear for person No. 8. 

0

200000

400000

600000

800000

1000000

1200000

1400000

DeltaThetaAlpha1Alpha2Beta1Beta2Gamma1Gamma2

1- BP 120 5- BP 150 4- BP 171

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

2000000

DeltaThetaAlpha1Alpha2Beta1Beta2Gamma1Gamma2

HR 98 HR 78



Vol. 1, No. 44 April 2020, pp.97-102. Abduelaziz Almulaifi et al. Engineering Research Journal (ERJ)
 

 

 

FIGURE 8: EEG Signal Components for different HR for person No. 8. 

As shown from the above figure it is also confirm that, for the main EEG components (i.e. Delta, Theta and Alpha1) as 
the Heart Rate Increases the EEG main components values decrease. 

5. Conclusions 
This paper presents an experimental result, which is 
used to find a relation between their EEG signal data 
(delta, alpha, beta, gamma and theta) extracted from 
Mindwave Neurosky head set and the common diseases 
like high blood pressure, high pulse rate and diabetes. 
The experiment was done for 9 participants with ages 
ranging from 26 years and up to 59 years, all of them 
were males. Each person carries out the measurement 
(i.e. EEG signal extraction and recording, and 
measuring booth heart rate and blood pressure) for 10 
times on different days, with 2 minutes of signal 
recording. It is found that for the main EEG components 
(i.e. Delta, Theta and Alpha1) as the Blood Pressure 
decrease the EEG main components values increases. 
On the other hand, as the Heart Rate Increases the EEG 
main components values decrease. 
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