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ABSTRACT-- ANN (Artificial Neural Network) have 

a wide application in medical diagnosis, signal 

processing, computer vision, speech processing, 

gaming sector and many others. This paper reviews 

the applications of ANN in 

EEG(Electroencephalography). It also explores the 

application of Artificial Neural Networks in 

processing of EEG. This paper reviews and 

correlates with the previous published literature. 

There are several applications of ANN for EEG 

testing that have been discussed. Firstly, the 

application in investigating the use of ANN for 

compression and optimization of EEG parameters. 

Secondly, the automation of reading the EEG output 

more effectively and efficiently. The paper also 

discusses how ANNs can be applied to eliminate the 

artefacts while conducting the EEG test. It can be 

deduced that ANN have a major role in conducting, 

containing and interpreting the EEG tests and 

parameters. 
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I. INTRODUCTION 

 

The objectives of this paper are to discuss the 

applications of AI/ML in the healthcare sector. 

Biomedical engineering is that branch of engineering 

sciences that applies engineering principles in the 

healthcare industry either to discover, innovate or 

improve the understanding of medical sciences and 

augment the existing healthcare equipments. Its main 

aim is to uplift the healthcare sector by implementing 

newer technologies in medical equipments, implants, 

assistive devices. 

 

EEG signals are bio electric signals that are generated 

as a result of the neural activity of the brain and they 

also constitute the electric field generated by the nerve 

cells. EEG in clinical practice provides a non-invasive 

identifier of mapping the neural oscillations to diagnose 

sleep patterns, depth of anaesthesia, coma and brain-

dead status. The EEG signal transmission takes place at 

2uV-200uV and the frequency ranges from 0.1Hz to 

100Hz on the scalp. It is observed that conventional 

EEG have some disadvantages like artefacts, 

interference and incorrect placement of electrodes 

which leads to noise. To identify these errors and 

improve the quality of EEG, ANNs can be used in 

conventional EEG testing. Therefore, an attempt needs 

to be made for studying the applications of ANN in the 

present day EEG testing procedures. 

 

II. LITERATURE REVIEW 

 

Khandpur et al. [1] “Biomedical Instrumentation 

Technology and Applications” 2nd ed. gives a brief 

description about how a typical EEG waveform looks 

like. This book explains the working of EEG machine 

and placing of the electrodes. Also, it mentions how the 

depolarization and the repolarization of the neuron takes 

place. 

 

Pisarchik et al. [2], discuss the relation between Brain 

Computer Interfaces used as ANNs and parameters are 

put in the neural networks and used as classifiers. In this 

paper they have also compared ANN with several other 

transforms and have come to a conclusion that ANNs 

are better when it comes to efficiency in classification. 

Koppel [3] was first to apply ANNs in EEG. He 

described the general procedure of application as well 

as a case study of discrimination of depressive and 

psychotic patients using 16 channel EEG data which 

was synthesised by spectral decomposition. Omar et al. 

[4] in their paper have discussed how ANNs are capable 

of classifying ischemic stroke. The paper also tries to 

explain how the ANNs undergo input output mapping. 

The paper mentions that the selection of the neural 

network inputs is the most crucial step in designing the 

neural network for effective classification of pattern. 

 

Patel et al. [5] report how ANNs can be widely used in 

medical diagnosis. 
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Usage of ANN differs with application. They highlight 

ANN’s capability to learn the system and facilitate 

decision making. 

 

III. TECHNICAL BACKGROUND OF 

ARTIFICIAL NEURAL NETWORK (ANN) 

 

Human brain is a complex organ made up of collection 

of neurons and junction of neurons is called ganglion. 

Functionally the human brain can be considered as a 

network of ganglions. The development of the first 

neural network was proposed in the year 1943 by 

psychologist Frank Rosenblatt. It was developed by 

taking inspiration from the human brain to make 

computers and other machines more human like in 

reason considering the basic fact that human brains 

think in a much more sophisticated way as compared to 

computers. With development of this model scientists 

Ivakhenko and Lapa in 1965 further, improved the first 

functional and multi layered model. Subsequently this 

was followed by research to resolve complex problems. 

As ANNs are highly non linear and its processing unit is 

inspired by the human brain itself, hence they can be 

used in medical diagnosis as well. ANNs are adaptable 

and being non parametric, various types of variables can 

be fed into it. And hence the potential for multiple 

applications. 

 

A. Artificial Neuron 

 

Artificial neuron is the basic building block of the 

complete ANN system. This resembles the biological 

neuron. In the biological neuron, the information is 

relayed through the dendrites, to the cyton where the 

processing takes place and it passes through the axon 

and to dendrites of the other neuron. Similarly, for the 

ANN the information travels from the weighed input to 

the body where it sums the weighed inputs, biases and 

processes the sum with a transfer function. 

 

B. Learning a System 

 

ANNs learn a system [6] via a process which involves a 

measure that guides a system to align the input data in 

the best possible way. 

 

Knowledge representation is a technique in which there 

is information stored or models are used by a person or 

a machine to interpret, predict and appropriately present 

the same to the outside world. 

 

This is achieved in two ways: 

 

1) Prior information or some known conditions 

 

2) Observations to probe and learn new 

information 

 

To illustrate in a better manner that there are 4 people 

standing in a line and each one is tilted by 60 degrees. 

As a result of this the human brain cannot distinguish 

between the 4 images. It treats all the 4 cases to be the 

same but a neural network has the capability to 

distinguish the 4 images. 

 

The neural network has two broadly distinguished 

learning process viz: 

 

1) Supervised learning - teacher: In this process the 

knowledge of the teacher (correct data) block is 

transported to the Neural Network via training 

system. This process forms a basis for error 

correction learning. 

 

2) Learning without teacher (it consists of 

unsupervised and reinforcement learning): In 

unsupervised learning process the teacher is 

eliminated and the learning system directly 

receives the information from the environment by 

extraction of vectors. 

 

IV. ELECTROENCEPHALOGRAM (EEG) 

 

Electroencephalogram is an instrument for recording the 

general activity of the brain, by suitably placing the 

electrodes on the scalp. This process ideally describes 

the general function of the brain activity by measuring 

the voltage differences across the brain from the 

numerous electrodes placed around the head. It is the 

superimposed wave of neuron potentials operating in a 

non-synchronized manner in the physical sense. 

 

V. APPLICATIONS OF ANN IN EEG  

 

A. ANN as an effective classifier 

 

This application was carried out with the help of the 

development of “real-time compact Brain Computer 

Interface (BCI) and headsets” which helped to gather 

necessary information on brain processes and also 

reduced the number of 

 

EEG channels to a restricted set. Such reduction was 

aimed to decrease the computation cost and memory 

used in the data obtained. 

 

Existing approaches of EEG data analysis dealt with 

time-frequency analysis and methods of nonlinear 

dynamics but, according to Pisarchik et al. the most 

effective tool for classification of single EEG trials were 

based on ANNs. 
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The application of ANNs require a pre requisite that 

parameters needs to be selected carefully, because of 

which they can vary significantly depending on a 

particular task. 

 

Dimension reduction was done conventionally in two 

ways i.e. Principal Component Analysis (PCA) and 

Linear Discriminant Analysis (LDA), where the inputs 

were mathematically projected onto a lower 

dimensional space. 

 

PCA is the best transform for signal compression but 

has a disadvantage in the sense that being non-generic it 

has a different impulse response for a different signal. 

There is no common response for every signal and also 

that these problems are for untrained subjects thus they 

create difficulties for development of the system. Thus, 

using PCA might seem a bit tedious. ANNs seem to 

give a better classification accuracy. 

 

B. Epileptic Spike Detection with EEG using Artificial 

Neural Networks: 

 

Epilepsy is a neurological disorder that affects people 

across all age groups. People having epilepsy 

experience seizures that come without warning. It is 

caused by an abnormal firing of a cluster of neurons in 

the brain. With EEG, it is easy to analyse the 

electromagnetic radiation given off by the brain, 

commonly called brainwaves. 

 

An epileptic seizure is characterized in the EEG by a 

pulse of very high amplitude of short duration. An 

interictal spike, however, is a high amplitude short 

duration pulse that occurs occasionally, as opposed to in 

a quick series. However, these spikes may differ from 

patient to patient but the general characteristic is that “a 

sudden change in amplitude of voltage occurs in a very 

short span of time.” 

 

To identify these spikes, a neurologist must manually 

analyse the EEG output across multiple channels. Thus, 

it would take a lot of time to read the data. The interictal 

spike lasts about 100ms therefore, lot of time would be 

consumed to find the spike pattern. Once enough spikes 

are identified, electrodes can be tracked which exhibit 

the spike pattern. This would help in identifying that 

part of the brain from where the spikes are coming 

from. 

 

If this process were automated, it would save 

physician’s time. Therefore, automated method of 

identifying epileptic spikes in EEG is used in which a 

single layered ANN compares the results with that of 

visual pattern seen by the neurologist. 

 

In an experiment conducted by the researcher H. J. 

Carey et al.  [7] “the neural network contained a single 

hidden layer with 10 neurons. The output layer 

consisted of one binary neuron, determining whether the 

individual feature being analysed was a spike or not a 

spike. The input layer of the neural network contained 

120 neurons. The input to these neurons was the 120 

values from the windowed datasets.” This allowed the 

neurons to learn on the individual values that 

represented each window. 

 

Thus, use of ANN saved the time drastically and there 

was no need of physically monitoring the pulses every 

time as all this work was done by the neural network. 

 

C. EEG scans classifier and Artefact removal using 

EEG: 

 

In this application the researchers S. Lokesh et al. [8] 

has used the fact that the artificial networks may be used 

for prediction, adaptive control and applications where 

the neural networks had to be trained and used. 

 

As a result, the correct scan is fed into the neural 

network. The diagnosis system classifies the EEG brain 

signal of the patient to distinguish between normal and 

an abnormal EEG graph with better classification 

accuracy. The system had used data set training with 

neural network. 

 

Statistical principles can be extracted for training with 

the help from the database samples present. The test 

sample will be classified using ANN parameters for 

classification. This system provides higher accuracy in 

terms of performance for the checked samples. 

 

Various platforms can be used for analysing the EEG 

signals, to detect and remove the artefacts, to process 

the signal. 

 

The eye blink artefact which is caused due to “the eye 

signals predominantly in the frontal regions of the brain 

can be rectified using the ANN. A downward peak in 

the negative region is observed when an eye/s opens and 

a positive peak shows an eye/s close event.” The 

amplitude of these peaks will be significantly high as 

compared to the rhythmic brain activity. An eye-blink 

signal can be detected by the occurrence of its positive 

and negative peak. 

 

As Neural Networks learn by examples therefore, they 

can be trained with known examples of a problem to 

acquire knowledge about it. After the network is 

appropriately trained it can be put to effective use for 

solving untrained instances. The researchers had used 
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“Kurtosis coefficient, maximum amplitude and 

minimum amplitude” in a sample to successfully train 

the neural network to detect the eye blink artefact. 

ANNs seem to be advantageous here in the sense that 

there is no need of manually observing the waveform 

for the negative and positive spikes all the time. 

 

Thus, in this application ANN is used as a detector 

which will give the proper readings as the output and all 

the possible artefacts would be removed. All this would 

be done preferably on environments for numerical 

computing. 

 

VI. DISCUSSION 

 

Based on the above discussion it can be concluded that 

neural networks have reached a developed stage and its 

application on EEG can be made for real time use and 

further research needs to be done on ANNs application 

on EEG which indeed will help professionals in medical 

sciences to overcome drawbacks of existing EEG. 
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