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Abstract 

BCI or Brain Computer Interface is a method of communicating with the world through brain 
signals. It is an advanced technology useful for those patients who can no longer communicate 
effectively or even interact with the outside world. In most cases, paralyzed patients are unable 
to move or interact with the outside world even with the wheelchair by themselves. This is 
sometimes not possible even after operation as this carries high risk in the life of patients. But in 
recent times, due to advancements in technology human brains have offered a way out. 

EEG offers an ultimate solution to the disabled persons and offers them a ray of hope to interact 
with the outside world all by themselves. This technology does not require any surgery as it is 
based on non-invasive technology. It measures the brain activity of a person and translates them 
into commands that can be fed to any applications (wheel chair, computer cursor, video games 
etc.). EEG systems provide high efficiency with minimal risks as it does not require any surgery 
to be performed on the patients. 

The paper focuses on the basic working of EEG based BCI and the steps involved in the 
processing of these signals. It also focuses on the various applications of this technology. 
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INTRODUCTION 

BCI or Brain computer Interface as the name suggests is a communication medium between 
human brain and computer directly with the help of signals and commands[1]. A human brain 
can directly communicate with the devices like motor controlled wheel chair; movement of 
computer cursors, artificial motorized limbs i.e. muscles and nervous systems[1]. BCI aims in 
accessing the generated electrical signals from the human brain and these generated electrical 
signals are amplified and then filtered to remove unwanted noise signals. The analog signals thus 
filtered are converted into equivalent digital signals and are displayed on the monitor. 

EEG or electroencephalogram is a type of non-invasive BCI which is basically a head worn 
device that extracts the electrical signals from the brain from outside the scalp[2]. It does not 
require any surgery for extracting the signals. It involves a set of electrodes placed all over the 
head following a pattern known as 10-20 positioning of the electrodes. The electrodes are placed 
in each region denoted as Fz (Frontal), P (Parietal), T (Temporal) and O (Occipital). In this set 
up the head is mapped by four standard points. They are nasion, inion and left and right ears[3]. 

 

This non-invasive techniques are used in computerized tomography, X-rays, MRI scans, 
ultrasound, etc. There are different types of waves generated from the human brain depending on 
the thought process of the mind[2]. These generated waves are termed as rhythms and are 
classified based on their frequencies: 

Delta waves: - These waves are generated during deep sleep or when a person suffers from 
dreamless sleep. It has a frequency of 4Hz as is categorized as the lowest level of activity of 
human brain[4]. 

Theta waves: - These waves are generated when a person’s mind starts imagining things and 
becomes creative. Such waves have a frequency range of 4-7Hz[4]. 

Alpha waves: When human brain relaxes or is in the rest condition then waves of frequency 
lying between 8-12 Hz are generated which is known as alpha waves[4]. 
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Beta waves: - These waves’ lies in the frequency range of 12-38 Hz and are generated when are 
alerts and is involved in solving problems and tricks[4]. 

 

Figure 2: Extracted EEG bands  

 

10/20 Positioning Of Electrodes 

This is an international system of positioning of electrodes for describing the location of 
electrodes in the scalp. ‘10’’20’ refers to the distance of adjacent electrodes to be 20% or 10% of 
the total distance of the scalp[5].  

Z or zero electrodes are placed on the middle of the scalp. 

The electrodes numbered 2,4,6,8 are placed on the right side of the scalp. 

The electrodes numbered 1,3,5,7 are placed on the left side of the scalp[6]. 

The electrodes are positioned from nasion (bridge of nose) to inion (backside of head) following 
the 10-20 positioning. This positioning system is internationally adapted as it produces accurate 
results with minimum noise[3].  

 

PROPOSED METHODOLOGY 

This paper focuses on providing a system that uses basic methodology of signal processing. This 
methodology is essential to record the brain signals and classify the recorded signals based on 
the classifiers[7]. 
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It follows the four basic process of signal processing namely data acquisition, pre-processing, 
feature extraction, classification. 

 

The electrodes are placed on the scalp of the person and with the help of a gel. The gel is applied 
on the scalp of a person which is basically AgCl (silver chloride) as it is a good conductor of 
electricity[8]. The electrodes are positioned according to 10/20 positioning of the electrodes and 
is in the form of a cap which can be easily worn. The electrodes are used to transmit the 
electrical signals from the brain. The transmitted signals further undergo data acquisition, pre-
processing, feature extraction, classification of signals.  

 
 

1. Data acquisition: In this process the signals are captured from various locations based on 
the positioning of the electrodes. “The term data acquisition can be coined as the process of 
measuring conditions of physical world such as electricity, sound, temperature and pressure.” 
The analog signals are transferred to digital signals using analog-to-digital converter[9]. 

2. Signal pre-processing: The preprocessing technique is followed by  data 
acquisition. This technique is carried out for improving the  system’s performance. It is helpful in 
removing the noise from the acquired signal. This further helps in improving the signal to noise 
ratio[10]. Blind source separation pre-processing technique is generally used after filtration 
through notch filter is carried out.  A FIR (Finite  Impulse response) filter is also used in a 
frequency range of 8-25 Hz  for obtaining the required EEG signals for further process[10]. A 
band  pass can also be used for filtering and removing the unwanted noise signals so that 
information can be extracted from the signals with less  or minimal distortion. The signal is 
filtered using band pass filter.  
3. Feature Extraction: It helps in retrieving the relevant features from the signal. This 
feature aids the decision making mechanism in giving the desired output. The feature extraction 
helps in giving precise description for further process. It basically leads to conversion of signals 
from frequency domain to time domain. This technique generates signal segments with the help 
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of Discrete Fourier Transform (DFT)[11]. The analysis of these time domain signals are carried 
out with the help of wavelet transform.  
4. Feature Classification: This classification technique is used to classify the signals based 
on the decision boundaries[8]. The data extracted are classified into different classes or groups 
so as to obtain a particular pattern. The accuracy and efficiency mainly depends on the 
technique and accuracy of classification. There are numerous different classification techniques 
each having its own importance. The most accurate and advanced method for classification of 
the data is multilayer perceptron. 
A multilayer perceptron is a deep artificial neural network which is having more than one 
perceptron layer[12]. It consists of an input layer which receives the signal and an output layer 
for obtaining the decision or prediction about the input. There exists a presence of an arbitrary 
hidden layer. These layers are used as a training tool to train the datasets and form a linkage 
between the input and output layers[12]. 

 
 
For better understanding of multi-layer perceptron a simple example of three layer perceptron is 
taken into account comprising of an input layer, a hidden layer and an output layer. The hidden 
layer can be increased as per requirement. The input data is to be fed to the input layer and the 
output is fed to the output layer. Let us consider the example of a classifier  

 
X is the input function and y is the output function. MLP finds the best approximation by 
mapping  

 
Ɵ stands for learning the best parameters.  
Considering the network of three functions  

 
These layers are represented as  
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F is referred as activation function, W is referred as set of parameter or weights, X is known as 
input as well as output vector of previous layer in case of multiple previous layers[13]. MLP 
consists of interconnected layers where each unit is connected to the rest of the units and each 
unit of this layer has unique group of weights. 
After processing the inputs the output of each layer gives a score to the class and predicts the 
output[14].  
There exist three steps in training the model: 

I. Forward passing 
II. Error or loss calculation 

III. Backward passing 
 

I. Forward passing: The process of forward passing let’s to pass the input to the model 
and multiply them with weights. Bias is added to the product and output is calculated. 

 
II. Error or loss calculation: The output that is obtained from model is called Predicted 

output and the theoretical output is called the real output or expected output. The loss is 
calculated based on the difference of the output. 

III. Backward passing: After calculating the loss, the weights of the used model is modified 
which is the main step in training the model. The weights are arranged according to the 
gradient flow of that direction. 
 
After classification the classified signals are fed to the electronic devices like motorized 
wheel chair, robotic arm, and computerized cursor, etc. for automatic working of the 
electronic devices. 
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RESULTS AND DISCUSSIONS 
In this paper, the signals were extracted from the brain with the help of headsets or caps placed 
on the head of the patient containing electrodes. These electrodes are made up of conductors 
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and these conductors extract the signals. The extracted signals undergo pre-processing where 
the noise is minimized. This helps in improving the signal to noise ratio[7]. The features from 
the processed signals were extracted with the help of training modules and were fed to the 
classifiers. The classifier used was multilayer perceptron which contains an input layer, a 
number of hidden layers and an output layer. These classifiers convert the signals into 
commands and are fed to the applications (motorized wheelchair, robotic arms, cursor, etc.)[15]. 
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CONCLUSION 

This paper provides an ultimate solution to the field of neuroscience where physically impaired 
patients are unable to move their body parts and perform their tasks without the help of others. 
This technology works on the field of neuroscience and thus can be used by the doctors to read 
the signals of the brain based on the activity of the human beings. These technology is hugely 
accepted as it follows no surgery technique. It carries minimum life risk and therefore can be 
used for the people of different age groups. This EEG based BCI can also be commercially used 
for storing the feedback of the product generated from the thoughts of the customer. This 
technology possess a broad field of application due to its advanced technology. 
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