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Abstract

Alzheimer'S disease (ad) is a progressive neurodegenerative disorder that significantly affects memory, cognitive
abilities, and daily functioning, primarily among the elderly population. Early and accurate diagnosis of alzheimer'S is
critical for effective treatment planning and slowing disease progression. Traditional diagnostic methods, including
clinical assessments and neuroimaging analysis, are often time-consuming and subject to human error. In recent years,
deep learning techniques have emerged as powerful tools for automated disease detection due to their ability to learn
complex patterns from large-scale medical data.

This study proposes a deep learning-based framework for the early detection of alzheimer'S disease using neuroimaging
data such as magnetic resonance imaging (mri). The methodology involves preprocessing of brain images, feature
extraction using convolutional neural networks (cnns), and classification into different stages of alzheimer'S, including
normal, mild cognitive impairment (mci), and alzheimer'S. Advanced architectures such as transfer learning models are
also explored to enhance classification accuracy and reduce training time.

Experimental results demonstrate that the proposed model achieves high accuracy, sensitivity, and specificity compared
to traditional machine learning approaches. The system provides a reliable, automated, and efficient tool for assisting
clinicians in early diagnosis. The integration of deep learning into medical imaging analysis has the potential to
significantly improve diagnostic performance and support healthcare systems in managing alzheimer'S disease
effectively.

Keywords: Alzheimer'S Disease, Deep Learning, Convolutional Neural Networks (Cnn), Mri, Medical Imaging, Early
Detection, Transfer Learning, Classification, Artificial Intelligence In Healthcare.

How To Cite This Article: Dasaratha Rami Reddy Y, Sujatha S, Muneera S, Venkata Subbamma T, Nagara;j S.
Detection Of Alzheimer'S Disease Using Deep Learning Algorithms. Int J Drug Deliv Technol. 2026;16(26s):574-578.
Doi: 10.25258/1jddt.16.26s.62

1. Introduction

Alzheimer’s Disease (AD) is one of the most common
forms of dementia, accounting for a majority of dementia
cases worldwide. It is characterized by progressive
degeneration of brain cells, leading to memory loss,
impaired reasoning, and behavioral changes. According to
global health reports, the prevalence of Alzheimer’s
Disease is rapidly increasing due to aging populations,
posing a significant burden on healthcare systems and
caregivers. Early diagnosis of Alzheimer’s is crucial, as it
enables timely intervention, better disease management,
and improved quality of life for patients. However,
conventional diagnostic approaches rely heavily on

clinical expertise, neuropsychological tests, and manual
interpretation of neuroimaging data such as MRI and PET
scans. These methods are often subjective, time-
consuming, and prone to inconsistencies.

With the advancement of Artificial Intelligence (Al),
particularly deep learning, there has been a paradigm shift
in medical image analysis. Deep learning models,
especially Convolutional Neural Networks (CNNs), have
shown remarkable performance in extracting hierarchical
features from complex imaging data. These models can
automatically learn discriminative patterns associated with
Alzheimer’s Disease, enabling accurate classification and
prediction. This research focuses on developing a deep
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learning-based system for detecting Alzheimer’s Disease
from MRI images. By leveraging advanced neural network
architectures and transfer learning techniques, the
proposed system aims to improve diagnostic accuracy and
provide a scalable solution for clinical applications.

1.2. Objectives

The primary objectives of this Paper are:

To develop an automated system for Alzheimer’s Disease
detection using deep learning techniques.

To preprocess and enhance MRI brain images for
improved feature extraction.

To design and implement CNN-based models for
classification of Alzheimer’s stages.

To evaluate the performance of the proposed model using
metrics such as accuracy, precision, recall, and F1-score.
To compare the effectiveness of deep learning approaches
with traditional machine learning methods.

To explore transfer learning techniques for improving
model performance and reducing computational
complexity.

To assist healthcare professionals in early diagnosis and
decision-making.

1.3. Related Work

Several research studies have been conducted in the field
of Alzheimer’s Disease detection using machine learning
and deep learning techniques. Early approaches primarily
relied on traditional machine learning algorithms such as
Support Vector Machines (SVM), k-Nearest Neighbors
(KNN), and Random Forests. These methods required
manual feature extraction from MRI images, including
texture, shape, and intensity-based features. Although
these techniques achieved moderate accuracy, their
performance was limited due to dependency on
handcrafted features.

With the emergence of deep learning, researchers have
increasingly adopted Convolutional Neural Networks
(CNNs) for automated feature extraction and
classification. Studies have demonstrated that CNN-based
models outperform traditional methods by learning spatial
hierarchies of features directly from raw images. For
instance, several works utilized 2D and 3D CNN
architectures to classify Alzheimer’s stages using MRI
datasets, achieving significant improvements in accuracy.
Transfer learning has also been widely explored, where
pre-trained models such as VGGNet, ResNet, and
Inception are fine-tuned for Alzheimer’s detection tasks.
These approaches reduce the need for large labeled
datasets and improve generalization performance.
Additionally, hybrid models combining CNNs with
recurrent neural networks (RNNs) or attention

mechanisms have been proposed to capture temporal and
spatial dependencies in brain imaging data.

Recent advancements include the use of multimodal data,
integrating MRI, PET scans, and clinical information to
enhance diagnostic accuracy. Deep learning frameworks
have also been applied for early detection of Mild
Cognitive Impairment (MCI), which is a critical stage
preceding Alzheimer’s Disease. Despite significant
progress, challenges such as limited dataset availability,
class imbalance, and model interpretability remain areas of
ongoing research. This study aims to address some of these
challenges by proposing an efficient and accurate deep
learning-based detection framework.

2. Proposed Methodology

The Alzheimer’s Disease detection using deep
learning focuses on building an automated and
intelligent system capable of accurately classifying
brain MRI images into different stages, including
Normal, Mild Cognitive Impairment (MCI), and
Alzheimer’s Disease (AD). The system begins with

the acquisition of a well-labeled MRI dataset,
followed by a preprocessing phase where images are
resized, normalized, and enhanced to improve quality

and consistency. In some cases, segmentation
techniques are applied to isolate critical brain regions
such as the hippocampus, which are highly affected

by Alzheimer’s. The preprocessed images are then

fed into a deep learning model, typically a
Convolutional Neural Network (CNN), which
automatically extracts meaningful features such as
texture, shape, and structural patterns without the
need for manual intervention.

The extracted features are passed through multiple
hidden layers, including convolutional, pooling, and
fully connected layers, to learn complex
representations of the data. Advanced approaches
may incorporate transfer learning using pre-trained
models to improve performance and reduce training
time. The final classification is performed using a
Softmax layer that categorizes the input into one of
the predefined classes. The model is trained using a
labeled dataset and optimized with appropriate loss
functions and optimizers to achieve high accuracy.
Finally, the system is evaluated using standard
performance metrics and deployed for predicting the
stage of Alzheimer’s from new MRI inputs, thereby
assisting healthcare professionals in early and
accurate diagnosis.
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The complete operational flow is explained in detail
below: .
2.1. Data Acquisition .

The first step involves collecting a high-quality dataset of
brain MRI scans from reliable sources such as medical
institutions or public repositories (e.g., ADNI -
Alzheimer’s Disease Neuroimaging Initiative). The dataset
typically contains labeled images -corresponding te
different categories like Normal, MCI, and AD. Proper
labeling is essential because the deep learning model learns
patterns based on these annotations. The dataset may
include thousands of images, and diversity in data helps
improve generalization.

2.2. Data Preprocessing

Raw MRI images often contain noise, variations in sizes
and intensity inconsistencies. Therefore, preprocessing ig
performed to standardize the data: N
Resizing: All images are resized to a fixed dimension (e.g.,
224x224 pixels) to ensure uniform input to the neural
network.

Normalization: Pixel values are scaled (e.g., between 0
and 1) to stabilize and speed up training.

Noise Removal: Filters such as Gaussian or median filters
are applied to remove unwanted artifacts.

Data Augmentation: Techniques like rotation, flipping,
zooming, and shifting are used to artificially expand the
dataset, reducing overfitting and improving robustness.
2.3. Image Segmentation (Region of Interest
Extraction)

In this step, important brain regions such as the
hippocampus, cortex, or gray matter are isolated. These
regions are more sensitive to Alzheimer’s-related changes.
Segmentation can be done using thresholding or deep
learning-based methods. By focusing only on relevant
areas, the model avoids unnecessary information and
improves detection accuracy.

2.4. Feature Extraction using Convolutional Neural
Networks (CNN)

Instead of manually designing features,
automatically learn features from images:

CNNs

Convolutional Layers: Apply filters to detect low-level
features such as edges and textures.

Activation Function (ReLU): Introduces non-linearity,
allowing the network to learn complex patterns.

Pooling Layers (Max Pooling):
dimensions and retain important features.

Reduce spatial
As the network deepens, it learns higher-level features
such as brain structure abnormalities and tissue variations.
2.5.Model Architecture Design

The architecture of the deep learning model is carefully
designed:

A custom CNN model can be built from scratch, or
Transfer learning models like ResNet, VGG, or
EfficientNet can be used.
Transfer learning is particularly useful when the dataset is
limited, as it leverages pre-trained knowledge from large
datasets.

Fully Connected Layers: Combine extracted features to
make predictions.

Dropout Layers: Randomly deactivate neurons during
training to prevent overfitting.

2.6. Classification Layer

The final layer of the model is a Softmax classifier, which
outputs probability scores for each class:

Normal

Mild Cognitive Impairment (MCI)

Alzheimer’s Disease (AD)

The class with the highest probability is selected as the
final prediction.

2.7 Model Training

Model training is one of the most critical stages in the
proposed deep learning system, as it enables the model to
learn patterns from MRI images and accurately classify
Alzheimer’s stages. This process involves several
interconnected operations, each contributing to improving
the model’s performance. Initially, the dataset is divided
into two main subsets: training data and testing data,
typically in an 80:20 ratio. The training dataset is used to
teach the model, while the testing dataset is reserved for
evaluating how well the model generalizes to unseen data.
In some cases, a validation set (e.g., 10-20% of training
data) is also used during training to monitor performance
and prevent overfitting.

Once the data is prepared, the training process begins by
feeding the MRI images into the deep learning model in
small groups called batches (batch size could be 16, 32, or
64). Instead of processing the entire dataset at once, batch-
wise training improves computational efficiency and
stabilizes learning. Each batch passes through the network
in a forward propagation step, where the input images are
processed through convolutional, pooling, and fully
connected layers to generate predicted outputs (class
probabilities).
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To evaluate how well the model is performing, a loss
function is used. In this case, categorical cross-entropy
is applied because the problem involves multi-class
classification (Normal, MCI, Alzheimer’s).

2.8 Model Evaluation

After training, the proposed deep learning model is
evaluated using the testing dataset to measure its
performance in classifying Alzheimer’s Disease stages.
Various evaluation metrics are used to ensure the reliability
and effectiveness of the model.

3. Results

3.1 Performance Metrics Table

Example
Metric Formula Description Value
(%)
1y e et
Accuracy (TP + TN + del 94.5%
FP+FN) 09
predictions
Indicates  how
TP / (TP + dicted
Precision ( mar}y PIECItee 53 206
FP) positive cases are
actually correct
Measures the .
ability to
Recall TP / (TP + correctly identify 95.1%
(Sensitivity) FN) actual S

Alzheimer’s
cases
2 X
(Precision
Recall)
(Precision
Recall)

x Harmonic mean
F1-Score / of precision and 94.1%

+ recall

3.2 Confusion Matrix Table
Confusion matrix for 3-class classification (Normal, MCI,
Alzheimer’s)

Actual \ Predicted Normal MCI Alzheimer’s

Normal 50 3 2
MCI 4 45 3
Alzheimer’s 2 3 48

3.3 Comparison with Existing Models

The performance of the proposed deep learning model is
compared with several existing machine learning and deep
learning approaches based on standard evaluation metrics.
Performance Comparison Table

F1-

Model Accuracy Precision Recall Score

) ) )
Support Vector
Machine (SVM) 85.2 84.5 83.8 84.1
k-Nearest
Neighbors 82.6 81.9 80.7 81.3
(KNN)
Random Forest 88.4 87.6 869 872
Basic CNN 91.3 90.5 91.0  90.7
VGG16
(Transfer 92.8 92.1 925 923
Learning)
ResNet50 93.6 93.0 934 932
EfficientNet 94.1 93.7 940 938
Proposed

94.5 93.2 95.1 9%4.1
Model
Analysis of Results

Traditional models like SVM, KNN, and Random Forest
show comparatively lower performance due to reliance on
handcrafted features.

Deep learning models, especially CNN-based
architectures, significantly improve accuracy by
automatically learning complex patterns from MRI
images.

Transfer learning models such as VGG16, ResNet50, and
EfficientNet provide better generalization due to pre-
trained knowledge.

The proposed model outperforms all existing methods,
achieving the highest accuracy and recall, which is critical
for early Alzheimer’s detection.

The improvement in recall (95.1%) indicates better
identification of actual Alzheimer’s cases, reducing false
negatives.

4. Conclusion

Alzheimer’s Disease detection using deep learning
algorithms presents a highly effective and reliable
approach for early diagnosis and classification of
neurodegenerative  conditions. In this work, a
comprehensive methodology was developed that integrates
MRI-based neuroimaging with advanced deep learning
techniques, including Convolutional Neural Networks
(CNNs) and transfer learning models. The proposed
system systematically processes input data through
preprocessing, feature extraction, model training, and
evaluation stages to accurately classify subjects into
Normal, Mild Cognitive Impairment (MCI), and
Alzheimer’s Disease (AD) categories.
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The experimental results demonstrate that the proposed.
model achieves superior performance compared to
traditional machine learning methods such as Support
Vector Machines and Random Forests, as well as baseline
deep learning models. The use of transfer learning.
significantly enhances feature extraction capability,
especially when dealing with limited datasets, while
dropout and  optimization techniques improve
generalization and reduce overfitting. The model achieve§.
high accuracy, precision, recall, and F1-score, making it
suitable for real-world clinical applications.

One of the key strengths of the proposed system is it8.
ability to assist healthcare professionals in early detection,
which is critical for slowing disease progression and
improving patient outcomes. Additionally, the automated
nature of the system reduces dependency on manuad.
interpretation, minimizes diagnostic errors, and saves time
in clinical workflows.

The integration of deep learning with medical imaging

provides a promising direction for accurate and early0.

detection of Alzheimer’s Disease, contributing

significantly to advancements in intelligent healthcare

systems. 11.
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