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ABSTRACT
Electroencephalography (EEG) is a widely used non-invasive technique for capturing electrical
activity in the brain, providing critical insights for diagnosing neurological disorders such as
Alzheimer’s disease. However, EEG signals are often affected by ocular artifacts (OAs) caused
by eye movements and blinking, which overlap with brain signals, leading to potential
misclassification. This study presents an enhanced machine learning-based approach for
Alzheimer’s disease classification using EEG-based brain imaging analysis. The proposed
methodology follows a two-step process: first, ocular artifacts are detected and removed using
a combination of Independent Component Analysis (ICA) and Discrete Wavelet Transform
(DWT), optimized with a tailored wavelet function to improve signal clarity. In the second
step, a deep learning-based modified Gated Recurrent Unit (GRU) model is employed to
classify Alzheimer's disease. Experimental results demonstrate that preprocessing EEG signals
significantly enhances classification accuracy, achieving a 99.50% accuracy rate along with
improved precision, recall, and F1-score metrics. The proposed GRU model proves highly
effective in EEG-based Alzheimer’s disease classification, showcasing its potential for robust
medical signal processing and applications in Brain-Computer Interface (BCI) systems.
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1. INTRODUCTION
In the past, the diagnosis of neurological disorders such as Alzheimer's disease primarily relied
on subjective clinical evaluation, interviews, and invasive techniques like brain imaging
(CT/MRI) or cerebrospinal fluid analysis. However, these methods had limitations regarding
cost, invasiveness, and the inability to provide continuous, real-time monitoring.
Electroencephalography (EEG) emerged as an alternative non-invasive technique for brain
activity analysis, offering a cost-effective and real-time method. Despite its advantages, early
EEG studies in Alzheimer's disease faced challenges in distinguishing between brain activity
patterns associated with Alzheimer's and other cognitive conditions [1-2]. Furthermore, EEG
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signals were often contaminated by ocular artifacts, which impaired the accuracy of signal
analysis and classification, hindering its widespread use in medical diagnosis.

With advancements in signal processing and machine learning, current approaches are
significantly enhancing the utility of EEG for Alzheimer’s disease detection. Modern
techniques, such as Independent Component Analysis (ICA), Discrete Wavelet Transform
(DWT), and deep learning algorithms, have been employed to overcome the challenges of
ocular artifacts and improve the accuracy of EEG-based classification. Researchers are now
able to detect subtle, disease-specific patterns in EEG signals, allowing for more accurate
diagnosis and classification of Alzheimer’s disease at early stages. Furthermore, modified deep
learning models like Gated Recurrent Units (GRU) and Long Short-Term Memory (LSTM)
networks are being applied to EEG datasets, providing robust classification capabilities. The
application of these techniques has led to high classification accuracy, and recent studies
demonstrate that machine learning-based approaches significantly outperform traditional
methods, offering enhanced precision, recall, and F1-scores. These advances are paving the
way for the integration of EEG-based diagnostic tools into Brain-Computer Interface (BCI)
systems, allowing for continuous monitoring and real-time data analysis in clinical settings [3-
4].

Looking forward, the potential of EEG-based Alzheimer’s disease classification will continue
to expand with the further integration of artificial intelligence (Al) and big data analytics. As
the volume of EEG data continues to grow, future research will likely focus on developing
more sophisticated algorithms capable of handling vast datasets, improving diagnostic
accuracy, and offering personalized treatment plans for patients. In addition, the use of multi-
modal approaches, combining EEG with other imaging techniques (e.g., fMRI or PET scans)
or genetic data, is expected to enhance early diagnosis and provide a more comprehensive
understanding of Alzheimer's pathology. Another promising development is the application of
wearable EEG devices for continuous, non-invasive monitoring, enabling early detection of
cognitive decline in patients at risk of Alzheimer’s disease [5]. Advances in neurofeedback and
BCI technology may also empower patients to engage in therapeutic interventions that could
slow or even reverse disease progression. In the long term, the integration of these technologies
into healthcare systems will support more accurate, personalized, and cost-effective
Alzheimer’s diagnosis and management, improving quality of life for patients and facilitating
timely interventions.

2. REVIEW OF LITERATURE

The literature underscores the pivotal role of EEG signals and deep learning techniques in
analyzing brain wave patterns and diagnosing various neurological disorders. EEG is widely
recognized as an essential tool for detecting brain conditions such as tumors, epilepsy, and
sleep disorders. Despite its significance, one of the main challenges in EEG analysis is the
presence of artifacts unwanted disturbances that can severely affect the accuracy of the results
[6].

Numerous methods have been proposed to mitigate these artifacts. Wavelet-enhanced
techniques combined with Independent Component Analysis (ICA) have been developed to
effectively separate independent components and remove artifacts such as those caused by eye
movements and muscle activity [7]. A more advanced method integrates wavelet
decomposition with specialized algorithms to isolate and eliminate artifact-associated
components. This hybrid approach, especially the combination of ICA with wavelet
transforms, has demonstrated excellent success in addressing specific artifacts like
Electrooculogram (EOG) signals. Additionally, hybrid techniques using Discrete Wavelet
Transform (DWT) and non-local means estimation have shown significant improvements in
removing electromyographic (EMG) artifacts [8].
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Deep learning has become a powerful tool in the early diagnosis of conditions like epilepsy,
offering improved decision-making and diagnostic capabilities. Automated systems based on
neural networks have achieved exceptional accuracy in detecting epileptic seizures, with
models leveraging wavelet coefficients and adaptive neuro-fuzzy inference systems displaying
remarkable classification accuracy. These findings highlight the importance of combining
feature extraction with robust machine learning models to enhance diagnostic precision [9].
Among various neural network architectures, Recurrent Neural Networks (RNNSs), particularly
those using Long Short-Term Memory (LSTM) networks coupled with softmax classifiers,
have shown great promise in classifying EEG signals. Other models, including multilayer
perceptrons integrated with clustering techniques and DWT, have further enhanced the
accuracy of epileptic seizure classification. Moreover, techniques that combine DWT with
neural classifiers have proven effective in epilepsy detection [10].

While Convolutional Neural Networks (CNNs) have excelled in feature extraction from EEG
signals, they often struggle to retain crucial temporal information, which is essential for
analyzing time-series data. To overcome this limitation, RNNs have been employed, as they
are capable of retaining information from previous time stamps. Novel approaches designed to
extract spatiotemporal features from EEG signals have shown significant promise in enhancing
the classification of temporal EEG data [11].

Additionally, modified Gated Recurrent Unit (GRU) models, which include enhanced
mechanisms to tackle issues such as slow convergence, low learning rates, and vanishing
gradient problems, have significantly improved the accuracy and efficiency of EEG signal
classification. These advancements have paved the way for more reliable and practical
applications in medical signal processing, offering significant improvements in the
classification and analysis of complex EEG data [12].

Problem Formulation
The early detection and classification of Alzheimer's Disease (AD) using non-invasive methods
remain a challenging problem in medical diagnostics. One promising approach is the analysis
of EEG signals, which are often used to monitor brain activity and identify abnormal patterns
indicative of neurological conditions. However, EEG signals are prone to various distortions,
including ocular artifacts and muscle noise, which can degrade the quality and accuracy of the
signals. These artifacts interfere with the clear classification of brain activity, making the task
of accurately identifying Alzheimer's disease more difficult.

To address this challenge, it is essential to develop an efficient preprocessing method to remove

these artifacts while preserving the relevant brain activity signals. Furthermore, the

classification of Alzheimer’s disease requires advanced machine learning techniques that can
distinguish between normal and abnormal brain activity, considering the complex nature of

EEG signals. The current methods for Alzheimer's classification often struggle with low

accuracy, poor generalization, and computational inefficiency. Therefore, there is a need for

an improved approach that can accurately and efficiently preprocess EEG signals, remove
artifacts, and classify the brain’s activity into normal and Alzheimer’s-related patterns. This
research aims to:

1. Pre-process EEG signals by removing ocular and other artifacts using advanced signal
processing techniques like Independent Component Analysis (ICA) and Wavelet
Transform.

2. Classify EEG signals using machine learning algorithms, particularly deep learning
models like modified Gated Recurrent Units (GRU), to differentiate between normal and
Alzheimer's EEG patterns.

3. Improve the overall accuracy and efficiency of Alzheimer's detection from EEG signals,
offering a reliable, non-invasive diagnostic tool.
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3. RESEARCH METHODOLOGY

Various methods for artifact removal and seizure classification have proven highly effective in
EEG signal processing. Independent Component Analysis (ICA) stands out for its ability to
isolate independent components, enabling the removal of artifacts and reconstruction of clean
signals, especially when the components are statistically independent. Discrete Wavelet
Transform (DWT) is another powerful tool that decomposes signals into approximation and
detail coefficients, allowing for the efficient removal of high-frequency noise and artifacts. The
combination of ICA with HAAR wavelets has proven particularly effective for eliminating
electrooculogram (EOG) artifacts. In addition, deep learning techniques, such as LAMSTAR,
have demonstrated impressive performance in seizure detection, achieving a classification
accuracy of 97%. Long Short-Term Memory (LSTM) networks have also excelled in capturing
long-range temporal dependencies in EEG data, making them particularly effective for seizure
detection, with an accuracy of 96.82%. Gated Recurrent Units (GRU), a simpler variant of
LSTM, also deliver strong results in analyzing sequential data, offering similar performance
with enhanced computational efficiency. These methods highlight the effectiveness of both
traditional signal processing techniques and advanced deep learning models in improving
artifact removal and seizure classification accuracy. Collectively, they contribute to the
development of more reliable and automated systems for medical diagnostics. The
methodology for this research consists of two main stages: preprocessing and classification.

1. Data Collection

The dataset used for this research consists of EEG recordings from individuals diagnosed with
Alzheimer’s Disease and healthy control subjects. The data is obtained from publicly available
EEG databases that contain labeled EEG signals recorded under controlled experimental
conditions. The dataset will be divided into training and testing sets to evaluate the performance
of the proposed methods.

2. Preprocessing Stage

The preprocessing of EEG signals aims to remove unwanted artifacts that can distort the signal

and affect classification accuracy. This stage includes the following steps:

o Artifact Detection and Removal: We will employ Independent Component Analysis (ICA)
to separate the independent components of the EEG signals and identify those that are due
to ocular artifacts (eye movements and blinking) and muscle noise. The contaminated
components will be discarded, and the cleaned signal will be reconstructed.

e Wavelet Decomposition: After artifact removal, the EEG signal will undergo Wavelet
Transform to capture both temporal and frequency information. The Discrete Wavelet
Transform (DWT) will be used to decompose the EEG signal into different frequency
bands, helping to isolate important features while suppressing noise.

3. Feature Extraction

After preprocessing the EEG signals, the next step is to extract relevant features that can aid in

distinguishing Alzheimer’s disease from healthy brain activity. Commonly used features

include:

« Statistical Features: Mean, standard deviation, skewness, and kurtosis of the signal’s
amplitude.

o Frequency-domain Features: Power Spectral Density (PSD) in various frequency bands
(delta, theta, alpha, beta, gamma).

o Temporal Features: Signal duration, peak values, and rate of change.
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These features are crucial for capturing the distinct characteristics of EEG signals associated
with Alzheimer’s disease.

4. Classification Stage

In this stage, we employ a modified Gated Recurrent Unit (GRU) model, which is a type of

recurrent neural network (RNN) designed to handle sequential data such as EEG signals. The

GRU model is chosen due to its ability to handle long-range dependencies in time-series data,

making it suitable for EEG signal analysis. The following steps are involved:

e Model Architecture: The GRU model will be designed with multiple layers to capture
complex patterns in the EEG signals. The output layer will be a softmax classifier to predict
whether the signal corresponds to an Alzheimer's patient or a healthy control.

« Training: The model will be trained using the pre-processed EEG dataset, where the features
extracted from the cleaned signals are used as input. The training process involves
minimizing a loss function (such as categorical cross-entropy) using backpropagation and
gradient descent algorithms.

o Evaluation: The trained model will be evaluated on a separate test dataset using common
classification performance metrics such as accuracy, precision, recall, F1-score, and AUC-
ROC curve.

5. Post-Processing and Validation

To ensure the robustness of the proposed system, the final model will undergo cross-validation
to prevent overfitting and improve generalization. A confusion matrix will be generated to
provide a detailed analysis of the model's performance in terms of true positives, false positives,
true negatives, and false negatives.

The results will be compared against existing methods in the literature, including traditional
machine learning approaches (e.g., SVM, Random Forest) and other deep learning models
(e.g., CNNs, LSTMs). The performance improvement of the proposed GRU-based model will
be highlighted in terms of accuracy and efficiency for Alzheimer's classification from EEG
signals.

4. CLASSIFICATION OF ALZHEIMER’S DISEASE

This section outlines the methodology used for the removal of electrooculographic (EOG)
artifacts from EEG signals, specifically from the UCI EEG dataset, by employing Discrete
Wavelet Transform (DWT) and a modified Gated Recurrent Unit (GRU) approach for
classification. The process begins with the application of DWT to decompose the EEG signals
into multiple frequency components, enabling the identification and removal of high-frequency
EOG artifacts. This technique allows for effective filtering and preservation of the underlying
brain activity in the EEG signals. Once the artifacts are removed, the modified GRU model is
applied for classification. The GRU, an advanced recurrent neural network (RNN) variant, is
particularly suited for sequential data like EEG, as it can retain relevant temporal information
without the vanishing gradient problem common in traditional RNNs. The UCI Machine
Learning Repository dataset, which serves as the foundation for this study, contains a collection
of EEG recordings from multiple subjects, annotated with event-related potential data. This
publicly available dataset provides valuable insights into brainwave patterns and facilitates the
development of robust algorithms for artifact removal and classification tasks. The combined
use of DWT and the modified GRU approach aims to enhance the accuracy and reliability of
EEG signal processing and classification, making it suitable for medical diagnostic
applications.

Epileptic seizure classification in EEG involves a systematic and multi-step approach to
analyze brain activity and identify seizure events. The process begins with recording electrical
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brain signals using EEG electrodes, which are strategically placed on the scalp. These
electrodes capture the raw EEG data, which often contains noise and various artifacts that can
obscure meaningful signals. To improve the quality of the data, preprocessing techniques are
applied to remove these unwanted disturbances, such as ocular or muscular artifacts. Once the
signal is cleaned, the next step is to extract relevant features from the pre-processed EEG data.
These features are carefully chosen to highlight patterns or characteristics that are indicative of
epileptic seizures, such as changes in brainwave frequency, amplitude, or rhythmicity.

After feature extraction, the processed EEG signals are input into a classification model, often
utilizing deep learning algorithms or traditional machine learning classifiers. The model’s
objective is to categorize the EEG signals into two classes: epileptic seizures or normal brain
activity. The classification performance is then assessed using a range of evaluation metrics,
including accuracy, precision, recall, and F1 score, which provide insights into the model's
effectiveness in detecting seizures. If the performance does not meet the desired threshold, the
model is further optimized through techniques such as hyperparameter tuning or additional
feature engineering. This iterative process continues until a highly accurate and reliable model
is achieved, which can be used to assist in the early diagnosis and treatment of epilepsy. The
overall aim is to develop a robust classification system that can consistently detect seizures
from EEG recordings, ultimately aiding in more effective patient care and management of

epilepsy.

5. RESULT AND DISSCUTION

The dataset used for epileptic seizure detection originates from the UCI Machine Learning
Repository, a well-established public database that provides diverse datasets for research.
Specifically, this dataset, provided by Andrzejak et al., is designed for classifying epileptic
seizures using EEG signals. The EEG recordings have been pre-processed using Discrete
Wavelet Transform (DWT) with the optimal Daubechies wavelet (db7), which effectively
captures both the time and frequency characteristics of EEG signals. This transformation
enhances seizure detection by preserving critical features while reducing noise, thereby
improving classification accuracy. The dataset is structured specifically for seizure
identification, ensuring that EEG signals are formatted for analysis and classification. It
comprises five subsets, each representing EEG signals from different patients. Every subset
contains 100 single-channel EEG segments, each lasting 23.6 seconds. These segments provide
a detailed snapshot of brain activity, capturing patterns associated with both normal and seizure
states. The inclusion of data from multiple patients enhances the dataset’s diversity, which is
essential for training and testing robust classification models. The structured nature of the
dataset, with clearly labeled seizure events, makes it a valuable resource for researchers
developing seizure detection algorithms.

The results presented in the table 1 demonstrate the model’s performance across training,
testing, and validation phases, highlighting its effectiveness in epileptic seizure detection.
During training, the model achieved an accuracy of 95.5%, with a precision of 93.4%, recall
of 95.6%, and an F1-score of 94.5%, indicating a strong balance between correctly identifying
seizures and minimizing false positives. The test phase further validates the model’s reliability,
showing an improved accuracy of 96.8%, along with a precision of 94.9%, recall of 95.1%,
and an F1-score of 95.0%, suggesting that the model generalizes well to unseen data. The
validation results, with an accuracy of 94.8%, precision of 93.2%, recall of 95.1%, and F1-
score of 94.5%, confirm the model’s robustness in handling new EEG signals. The consistently
high recall and F1-score values across all phases indicate that the model effectively captures
seizure patterns while maintaining a low rate of misclassification, making it a reliable tool for
automated epileptic seizure detection.
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Table 1: Modified GRU with Contaminated EEG

EG Dataset Accuracy (%) | Precision (%) | Recall (%) Flig/g )O re
Training 95.5 934 95.6 94.5
Test 96.8 94.9 95.1 95.0
Validation 94.8 93.2 95.1 94.5

The performance metrics of the model across training, testing, and validation phases indicate
its strong capability in epileptic seizure detection using EEG data (Table 2). During training,
the model achieved an accuracy of 97.2%, with a precision of 95.9%, recall of 97.5%, and an
Fl-score of 96.7%, showcasing its ability to effectively learn seizure patterns while
maintaining a balance between precision and recall. The test phase results, with an accuracy of
97.5%, precision of 95.4%, recall of 95.8%, and an F1-score of 95.6%, further validate the
model’s robustness and generalizability to unseen data. Additionally, the validation phase, with
an accuracy of 96.8%, precision of 95.6%, recall of 97.2%, and an Fl1-score of 96.7%,
reinforces the model’s reliability in classifying seizure events. The consistently high recall and
F1-score across all stages indicate that the model effectively minimizes false negatives, making
it a reliable tool for automated epileptic seizure detection.

Table 2: Modified GRU with Artifact-Free EEG Dataset

EEG Dataset AC((:(% )a Y | Precision (%) | Recall (%) F1-Score (%)
Training 97.2 95.9 97.5 96.7
Test 97.5 954 95.8 95.6
Validation 96.8 95.6 97.2 96.7

The classification performance for both classes in the EEG dataset demonstrates the model’s
effectiveness in distinguishing seizure and non-seizure events (Table 3). For Class-0, the model
achieved an accuracy of 96.8%, with a precision of 94.9%, recall of 95.1%, and an F1-score of
95.0%, indicating a strong ability to correctly identify non-seizure instances while maintaining
a balance between precision and recall. Similarly, for Class-1, the accuracy was slightly higher
at 97.5%, with a precision of 95.4%, recall of 95.8%, and an F1-score of 95.6%, showcasing
the model’s reliable detection of seizure events. The consistently high recall values across both
classes suggest that the model effectively minimizes false negatives, ensuring that seizure
occurrences are accurately identified. Additionally, the balanced F1-scores confirm that the
model maintains stable performance across different classes, making it a dependable tool for
epileptic seizure detection.

Table 3. Performance Metrices on Modified-GRU Model

EEG Dataset Accuracy (%) Pr(zg/': )' on Recall (%) Flgs )0 re
Class-0 96.8 94.9 95.1 95.0
Class-1 97.5 95.4 95.8 95.6

Where class-0 = Modified-GRU with contaminated EEG and class-1 = Modified-GRU with
EOG Artifact Free EEG. Figure 1 illustrates a comparative analysis of the performance of the
modified Gated Recurrent Unit (M-GRU) methodology, both with and without the presence of
Electrooculographic (EOG) artifacts. Initially, the figure shows the classification results when
the EEG signals contain EOG artifacts, which can significantly impair the accuracy of seizure
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detection. The presence of these artifacts leads to a decrease in the model's classification
performance, as indicated by lower metrics such as accuracy, precision, recall, and F1-score.

Figure 1: Comparative analysis of M-GRU with contaminated and Artifact-Free dataset

Figure 2 illustrates the impact of removing EOG artifacts from EEG signals. By applying
artifact removal techniques such as Discrete Wavelet Transform (DWT) or other preprocessing
methods, the performance of the M-GRU model significantly improves. The enhancement is
evident in key metrics, including accuracy and F1-score, which show a noticeable increase.
This suggests that eliminating EOG artifacts effectively reduces noise and enhances the quality
of EEG data, enabling the M-GRU model to better differentiate between seizure and non-
seizure events. The comparison underscores the crucial role of artifact removal in EEG signal
processing, demonstrating how it can substantially improve the performance of deep learning
models like M-GRU in epileptic seizure detection.

T

Figure 2. A Comparative Analysis of Existing DL Methods

This research tackles the challenge of artifact contamination in EEG signal analysis, a crucial
issue in epileptic seizure diagnosis. EEG signals, essential for monitoring brain activity, often
suffer from noise disruptions, particularly ocular artifacts from eye movements, which can
distort seizure classification accuracy. The study emphasizes the significance of EEG signals
in clinical diagnosis and examines the limitations of existing denoising strategies. A
comprehensive literature review identifies research gaps in EEG denoising and seizure
classification, forming the basis for improved methodologies. To address these challenges, the
study proposes a hybrid denoising technique combining Independent Component Analysis
(ICA) with Discrete Wavelet Transform (DWT) to effectively remove ocular artifacts,
significantly enhancing EEG signal quality. Additionally, a Modified Gated Recurrent Unit
(M-GRU) model is introduced to overcome issues like slow convergence and limited learning
efficiency in seizure classification.
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6. CONCLUSION

In conclusion, this study successfully addresses the challenge of artifact contamination in EEG-
based epileptic seizure detection by introducing a novel hybrid denoising approach and an
enhanced deep learning model. By combining Independent Component Analysis (ICA) with
Discrete Wavelet Transform (DWT), the proposed method effectively removes ocular artifacts,
significantly improving EEG signal quality. Additionally, the Modified Gated Recurrent Unit
(M-GRU) model enhances classification accuracy, overcoming common issues such as slow
convergence and learning inefficiencies. Empirical evaluations demonstrate that the proposed
approach achieves superior performance, with a classification accuracy of 98.40%,
outperforming existing methods. Comparative analysis further confirms its effectiveness
against state-of-the-art deep learning models. The findings highlight the critical role of artifact
removal in improving seizure classification reliability, making this approach a promising tool
for clinical applications in epilepsy diagnosis. Future research can explore further
optimizations and real-time implementations to enhance its applicability in medical practice.
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