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Abstract - These episodes may be attributed to abnormal
chemical alterations in the brain or anomalies in the
cerebral region. These illnesses are classified as chronic
and increase the likelihood of death due to their abrupt
onset and absence of preceding symptoms. Seizures can be
identified by analyzing the brain signals produced by
neuronal cells. Traditionally, electroencephalogram (EEG)
recordings a multi-channel depiction of brain neuronal
activity is used for brain signal monitoring. This paper
examines important advancements made in the analysis of
EEG waveforms to create predictive algorithms for

epilepsy.

Keywords: Machine learning, electroencephalogram (EEG),
Epileptic seizures, Support Vector Machine, SVM.

l. Introduction

Epilepsy, a neurological disorder originating from ancient
Greece, was initially documented in ancient Babylonian texts
approximately 3000 years ago. This disease has a pervasive
impact on various animal species, including rats, cats, and
others. Epilepsy can result from genetic abnormalities or
disruptions in brain electrical activity, which can be induced
by low blood sugar or oxygen deprivation during birth [1]. It
is defined by recurring and unpredictable seizures of different
intensities, resulting in loss of consciousness and widespread
body shaking. These seizures manifest abruptly and present
substantial dangers, especially during activities that could be
perilous for people with epilepsy [2]. Epilepsy affects
approximately 50 million people worldwide, regardless of age
or gender. About 70% of those affected can manage their
condition with antiepileptic drugs, while the remaining 30%
require surgical intervention [3]. Stroke, brain tumors, and
birth defects are among the potential causes of epilepsy, and
electroencephalography (EEG) is commonly used to record
the brain's electrical activity [4]. These waves are analyzed
and diagnosed by specialized and experienced doctors, but this
diagnosis and analysis require a long time, making the task
tedious and uncertain in results [5]. Therefore, researchers
have turned to wave analysis and assistance in disease
diagnosis using computers and machine learning programs
[6][7]. This research aims to review recent studies focusing on
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the classification and prediction of neurological seizures in
recent years. It aims to support future researchers in this field
by identifying the best methods and algorithms that
have been developed in recent research.

This paper is prepared as follows: Section 2: Type of
elliptic ~ seizure;  Section 3: Dataset; Section 4:
Electroencephalogram (EEG); Section 5: Feature selection;
Section 6: Machine learning.

Il. Type of Elliptic Seizure

Clinicians classify epileptic seizures into two primary
categories, generalized seizures, and partial seizures, based on
their analysis of electroencephalography (EEG) [8].

Focal seizures, also known as partial seizures, exclusively
impact one hemisphere of the brain rather than the entire
organ. Simple-Partial Seizures and Complex-Partial Seizures
are two distinct subcategories of partial seizures that can be
further distinguished. During a simple partial seizure, the
patient remains conscious but exhibits anomalous behavior
and interacts with their surroundings in an atypical manner.

In a complex-partial seizure, the patient is confused and
exhibits involuntary movements such as mumbling and
chewing; this typeis also knownas a 'focal impaired
awareness seizure'. Generalized seizures are also divided
intotwo  types: Generalized Convulsive  Seizure and
Generalized non-convulsive Seizure [9][8].

I11. Dataset

A team of researchers utilized a dataset obtained from the
University of Bonn in Germany. The dataset has five distinct
groups (A, B, C, D, and E), with each group consisting of 100
individual signals. Each signal was recorded for 23.6 seconds
and had a frequency of 173.6 Hz. The samples were
taken under different conditions, with the EEG recorded at
times when the patient's eyes were open and at other times
when the patient's eyes were closed. EEG samples were
obtained from non-epileptic persons and epilepsy patients,
some during seizures and others before and after surgical
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procedures. The official website of the German University of
Bonn provides access to surgical data [10][11][12][13].

Another database proposed by the University of
California, Irvine (UCI) was also used, which contains data for
4097 patients, with each patient having 500 readings, with
each reading lasting 23.5 seconds at a frequency of 178 Hz per
second. Each reading is taken by 23 electrodes and produces
five types of brain activity. This database can be
accessed through Kaggle [14][15][16]. This study uses
intracranial electroencephalography (iIEEG) data to accurately
read brain electrical signals without noise or attenuation in the
signal reaching the electrode, unlike EEG. Data from the
University of Helsinki was used, which gives a sensitivity to
waves of up to 77%. It is noted that the data used in this case
was very small compared to databases used for other research
to test models in realtime. A variety of machine learning
models have been used and achieved a prediction accuracy of
about 90%[17].

IV. Electroencephalogram (EEG)

Electroencephalography (EEG) is a technique employed
to detect and quantify the electrical signals in the brain and
ascertain their precise origins. Electrodes, which are sensors,
are positioned on the scalp to amplify the signals produced by
neurons in the brain. The electrical signals demonstrate
nonlinearity and are vulnerable to interference from other
waves, hence introducing intricacy to the study of the waves.
This poses a basic obstacle encountered by chtEEG
technology [13]. EEG, or electroencephalography, is a method
used to measure the flow of ionic current between nerve
tissues in the brain. It also determines the voltage changes
caused by electrodes placed on the patient's scalp [18].

The electrodes are placed in varying quantities on the
patient's scalp, and the ECG produced from the reading
becomes more precise as the number of electrodes, also
referred to as electrodes, increases [19]. This study utilized
AutoML technology in conjunction with the Neural
Architecture Search (NAS) algorithm to develop models for
automated analysis of EEG data and enhance epilepsy
identification. The utilized models showed enhancements in
design correctness, F1-score, and Cohen's Kappa coefficient
by 7.68%, 7.82%, and 9.60%, respectively.

Furthermore, it played a role in diminishing the duration
needed to construct the neural network utilized for examining
and extracting characteristics associated with the EEG chart
[20]. Figure 1 depicts a patient undergoing an
electroencephalogram (EEG) procedure [21].
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Figure 1: shows a patient undergoing an EEG procedure

V. Feature Selection

The research findings from multiple studies demonstrate
a high level of precision inthe analysis and prediction
of epilepsy at an early stage utilizing wavelet and FFT
techniques. More precisely, the utilization of Discrete Wavelet
Transform (DWT) in conjunction with machine learning
classifiers such as Random Forest (RF) and Multilayer
Perceptron (MLP) resulted in accuracies of around 97.96%
[22] . In another study, wavelet threshold denoising and
Gradient Boosting Decision Tree (GBDT) were used to
predict epilepsy seizures. The study achieved an average
accuracy ranging from 91.76% to 92.50% [22]. In addition, a
technique that employed a Discrete Wavelet Transform
(DWT) for extracting features and a Support Vector Machine
(SVM) for classification produced an average prediction
accuracy of 96.38% [23]. These data collectively show that
wavelet-based approaches are useful in precisely evaluating
and predicting epilepsy at an early stage.

V1. Machine Learning

The effectiveness of using machine learning algorithms
to predict the accuracy of epilepsy wave classification varies
depending on the methodology used. Numerous degrees of
precision have been documented in several studies. An
example of this can be observed in the Random Forest
classifier, which exhibited a significant level of accuracy
(96%) in predicting survival based on EEG data [24].
However, a thorough analysis of ensemble machine learning
algorithms has demonstrated that the C4.5 classifier exhibits
outstanding performance in accurately predicting epileptic
episodes based on EEG inputs [25]. A study utilized a
restricted dataset and employed sophisticated deep learning
and machine learning algorithms to precisely forecast epileptic
seizures with a sensitivity rate of 77% and an accuracy rate of
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90% [17]. XGBoost attained a classification accuracy of up to
96% in distinguishing seizures across various levels fo [26].

The study employed artificial neural networks (ANNS) to
detect and classify epileptic events. In addition, the study
implemented an unbalanced learning technique to improve the
accuracy of evaluating naimbalanced data [27]. This research
study uses machine learning techniques to precisely diagnose
epileptic episodes. The method utilizes waveform alterations
to extract distinctive characteristics from EEG signals in the
time-frequency domain. The results of wave transforms are
utilized as inputs for many machine learning algorithms like
Principal Component Analysis (PCA), Logistic Regression
(LR), Support Vector Machine (SVM), Support Vector
Classifier (SVC), K-Nearest Neighbors (KNN), and Naive
Bayes. The findings demonstrated that the KNN and Naive
Bayes classifications achieved the maximum level of accuracy
in discriminating between attributes, with a respective
accuracy rate of 98.30% and 95.86% [28].

VII. Conclusion

In this research, many studies and research were
reviewed that dealt with methods of detecting epileptic
seizures using different methods for reading electrical brain
information, such as EEG and IEEG. The most prominent
studies on techniques used to detect and analyze features in
EEG were highlighted, which include techniques such as
DWT, FFT, and PCA. Studies related to the most prominent
algorithms used in the processes of detecting and classifying
epileptic waves using machine learning, such as SVM,
XGBoost, C4.5, SVC, RF, KNN, and ANN, were also
reviewed. There is no text provided. Research articles were
used that documented the databases utilized, as well as
research that evaluated the rates of accuracy and sensitivity.
According to the research, the wavelet method was shown to
be the most efficient approach for extracting features, and the
SVM algorithm was identified as the most suitable machine
learning algorithm, as evidenced by multiple works cited in
this study. The results emphasize the necessity for additional
research on the classification of patients' cognitive awareness
levels using EEG data analysis. The objective of this study is
to precisely categorize individuals' state of consciousness and
offer vital insights to medical practitioners or families about
their  condition,  particularly  during  episodes  of
unconsciousness or reduced awareness.

REFERENCES

[11 M. S. Nafea and Z. H. Ismail, “Supervised machine
learning and deep learning techniques for epileptic
seizure recognition using EEG signals—A systematic
literature review,” Bioengineering, vol. 9, no. 12, p.
781, 2022.

© 2024-2017 IRJIET All Rights Reserved

[2

[31

[4]

[5]

6]

[7]

(8]

[]

[10]

[11]

[12]

www.irjiet.com

ISSN (online): 2581-3048
Volume 8, Issue 7, pp 167-171, July-2024

https://doi.org/10.47001/IRJIET/2024.807018

C. Daniela Rodrigues Cunha and L. D’avila Rocha
Batista, “EPILEPSY: IS IT POSSIBLE TO HAVE
QUALITY OF LIFE WITH EPILEPSY?,” hs, vol. 3,
no. 03, pp. 181-215, Jul. 2023, doi:
10.51249/hs.v3i03.1409.

L. Jehi et al., “Timing of referral to evaluate for
epilepsy surgery: Expert Consensus Recommendations
from the Surgical Therapies Commission of the
International League Against Epilepsy,” Epilepsia, vol.
63, no. 10, pp. 2491-2506, Oct. 2022, doi:
10.1111/epi.17350.

J. J. Majersik et al., “A shortage of neurologists—we
must act now: a report from the AAN 2019
Transforming Leaders Program,” Neurology, vol. 96,
no. 24, pp. 1122-1134, 2021.

K. W. Beach, “Vascular Diagnosis by Analysis of
Waveforms,” Journal for Vascular Ultrasound, vol. 35,
no. 4, pp. 192-200, Dec. 2011, doi:
10.1177/154431671103500402.

K. Rasheed et al., “Machine Learning for Predicting
Epileptic Seizures Using EEG Signals: A Review,”
IEEE Reviews in Biomedical Engineering, vol. 14, pp.
139-155, 2021, doi: 10.1109/RBME.2020.3008792.

R. Srinath and R. Gayathri, “Detection and
classification of electroencephalogram signals for
epilepsy disease using machine learning methods,”
International Journal of Imaging Systems and
Technology, vol. 31, no. 2, pp. 729-740, 2021, doi:
10.1002/ima.22486.

M. K. Siddiqui, R. Morales-Menendez, X. Huang, and
N. Hussain, “A review of epileptic seizure detection
using machine learning classifiers,” Brain Inf., vol. 7,
no. 1, p. 5, Dec. 2020, doi: 10.1186/s40708-020-00105-
1.

R. S. Fisher, “The New Classification of Seizures by
the International League Against Epilepsy 2017,” Curr
Neurol Neurosci Rep, vol. 17, no. 6, p. 48, Jun. 2017,
doi: 10.1007/s11910-017-0758-6.

C. Mahjoub, R. Le Bouquin Jeannes, T. Lajnef, and A.
Kachouri, “Epileptic seizure detection on EEG signals
using machine learning techniques and advanced
preprocessing methods,” Biomedical Engineering /
Biomedizinische Technik, vol. 65, no. 1, pp. 33-50, Jan.
2020, doi: 10.1515/bmt-2019-0001.

AK. Jaiswal and H. Banka, “Epileptic seizure
detection in EEG signal using machine learning
techniques,” Australas Phys Eng Sci Med, vol. 41, no.
1, pp. 81-94, Mar. 2018, doi: 10.1007/s13246-017-
0610-y.

L. V. Tran, H. M. Tran, T. M. Le, T. T. Huynh, H. T.
Tran, and S. V. Dao, “Application of Machine

169



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

© 2024-2017 IRJIET All Rights Reserved

= International Research Journal of Innovations in Engineering and Technology (IRJIET)

7iny

Learning in Epileptic Seizure Detection,” Diagnostics,
vol. 12, no. 11, p. 2879, 2022.

J. R. Martin and S. L. Swapna, “A Machine Learning
Framework for Epileptic Seizure Detection by
Analyzing EEG Signals,” International Journal of
Computing and Digital Systems, pp. 1383-1391, 2021.
H. Liu, L. Xi, Y. Zhao, and Z. Li, “Using Deep
Learning and Machine Learning to Detect Epileptic
Seizure with Electroencephalography (EEG) Data.”
arXiv, Oct. 06, 2019. Accessed: Jan. 16, 2024.
[Online]. Available: http://arxiv.org/abs/1910.02544
I.Ahmad, X. Wang, D. Javeed, P. Kumar, O. W.
Samuel, and S. Chen, “A Hybrid Deep Learning
Approach for Epileptic Seizure Detection in EEG
signals,” IEEE Journal of Biomedical and Health
Informatics, 2023, Accessed: Jan. 16, 2024. [Online].
Available:
https://ieeexplore.ieee.org/abstract/document/10098564
/

M. Masum, H. Shahriar, and H. M. Haddad, “Epileptic
seizure detection for imbalanced datasets using an
integrated machine learning approach,” in 2020 42nd
Annual International Conference of the IEEE
Engineering in Medicine & Biology Society (EMBC),
IEEE, 2020, pp. 5416-5419. Accessed: Jan. 16, 2024.
[Online]. Available:
https://ieeexplore.ieee.org/abstract/document/9175632/
P. S. Purnima, M. Suresh, and S. Kattepura, “Machine
Learning Models for Epileptic Seizure Prediction,” in
2023  International  Conference on Inventive
Computation Technologies (ICICT), IEEE, 2023, pp.
135-141. Accessed: Jan. 16, 2024. [Online]. Available:
https://ieeexplore.ieee.org/abstract/document/10134350
/

C. Daftari, J. Shah, and M. Shah, “Detection of
epileptic seizure disorder using EEG signals,” in
Artificial intelligence-based brain-computer interface,
Elsevier, 2022, pp. 163-188. Accessed: Jan. 16, 2024.
[Online]. Available:
https://www.sciencedirect.com/science/article/pii/B978
0323911979000060

N. Moghim, “Exploring machine learning techniques in
epileptic seizure detection and prediction,” PhD Thesis,
Heriot-Watt University, 2014. Accessed: Jan. 16, 2024.
[Online]. Available:
https://core.ac.uk/download/pdf/77035755.pdf

J. Liu, Y. Du, X. Wang, W. Yue, and J. Feng,
“Automated Machine Learning for Epileptic Seizure
Detection Based on EEG Signals.,” Computers,
Materials & Continua, vol. 73, no. 1, 2022, Accessed:
Jan. 16, 2024. [Online]. Available:

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

www.irjiet.com

ISSN (online): 2581-3048
Volume 8, Issue 7, pp 167-171, July-2024

https://doi.org/10.47001/IRJIET/2024.807018

https://cdn.techscience.cn/ueditor/files/cmc/TSP_CMC
-73-1/TSP_CMC_29073/TSP_CMC_29073.pdf

M. Tripathi and M. M. Mehendiratta, “Role of EEG in
Epilepsy,” in Epilepsy Topics, M. D. Holmes, Ed.,
InTech, 2014. doi: 10.5772/57430.

K. M. Alalayah, E. M. Senan, H. F. Atlam, I. A.
Ahmed, and H. S. A. Shatnawi, “Effective Early
Detection of Epileptic Seizures through EEG Signals
Using Classification Algorithms Based on t-Distributed
Stochastic Neighbor Embedding and K-Means,”
Diagnostics, vol. 13, no. 11, p. 1957, Jun. 2023, doi:
10.3390/diagnostics13111957.

A.Kumar, P. Singh, R. Khawas, P. D. Moyya, and M.
Asaithambi, “Automated EEG Analysis for Early
Diagnosis of Epilepsy: A Comparative Study to
Determine Relative Accuracy of Arithmetic and
Huffman Coding Algorithms,” in 2021 Seventh
International conference on Bio Signals, Images, and
Instrumentation (ICBSII), Mar. 2021, pp. 1-6. doi:
10.1109/ICBSI1151839.2021.9445169.

S. Goel, R. Agrawal, and R. K. Bharti, “Automated
Epilepsy Detection using Machine Learning Classifiers
based on Entropy Features,” in 2023 International
Conference on Computational Intelligence,
Communication Technology and Networking (CICTN),
Apr. 2023, pp. 757-761. doi:
10.1109/CICTN57981.2023.10140301.

A.Anandaraj and A. Pja, “Enhancing Epileptic Seizure
Prediction with Machine Learning and EEG Analysis,”
Journal of Machine and Computing, pp. 184-195, Jul.
2023, doi: 10.53759/7669/jmc202303017.

G. Chekhmane and R. Benali, “EEG signals analysis
using SVM and MLPNN classifiers for epilepsy
detection,” in 2022 5th International Symposium on
Informatics and its Applications (ISIA), Nov. 2022, pp.
1-6. doi: 10.1109/1S1A55826.2022.9993577.

J. Birjandtalab, V. N. Jarmale, M. Nourani, and J.
Harvey, “Imbalance learning using neural networks for
seizure detection,” in 2018 IEEE Biomedical Circuits
and Systems Conference (BioCAS), IEEE, 2018, pp. 1-
4. Accessed: Jan. 16, 2024. [Online]. Available:
https://ieeexplore.ieee.org/abstract/document/8584683/
K. Mahantesh and R. Chetana, “Detection of Epileptic
Seizures in EEG—Inspired by Machine Learning
Techniques,” in Intelligent ~ Computing and
Communication, vol. 1034, V. Bhateja, S. C. Satapathy,
Y.-D. Zhang, and V. N. M. Aradhya, Eds., in Advances
in Intelligent Systems and Computing, vol. 1034. ,
Singapore: Springer Singapore, 2020, pp. 443-450.
doi: 10.1007/978-981-15-1084-7_42.

170



~ = International Research Journal of Innovations in Engineering and Technology (IRJIET)
P | ISSN (online): 2581-3048

]
/ , Volume 8, Issue 7, pp 167-171, July-2024
IHJ'ET https://doi.org/10.47001/IRJIET/2024.807018

Citation of this Article:

Abdulrahman Talal lbrahim, & Amera Istiglal Badran. (2024). Epileptic Seizures Detection Using Machine Learning: A
Review. International Research Journal of Innovations in Engineering and Technology - IRJIET, 8(7), 167-171, Article DOI
https://doi.org/10.47001/IRJIET/2024.807018

*kkkhkkhkk

© 2024-2017 IRJIET All Rights Reserved www.irjiet.com 171


https://doi.org/10.47001/IRJIET/2024.807018

