~ Y International Journal for Multidisciplinary Research (IJFMR)

LJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Early Detection of Alzheimer’s Disease using
Machine Learning and Neuroimaging
Techniques

Mallela NarasimhaRao', Avula Vamsikrishna?, Pattapu Manasa 3,
Pogula Yamini‘, Kavuri Praveen Kumar>

'M.Tech, Asst. Professor, Kallam Haranadhareddy Institute of Technology, Chowdavaram, Guntur,
Andhra Pradesh, India
2345K allam Haranadhareddy Institute of Technology, Chowdavaram, Guntur, Andhra Pradesh, India

Abstract

Alzheimer's disease (AD) is the primary cause of amnesia in older adults and is a progressive
neurodegenerative disorder associated with cognitive decline and memory loss. Other conditions that
can lead to amnesia include Traumatic Brain Injury, Stroke, Encephalitis, and Transient Global
Amnesia. Early and accurate diagnosis of AD plays a crucial role. Machine learning techniques have
shown great potential in aiding the diagnosis of AD by analyzing large-scale datasets and extracting
meaningful patterns and features from the MRI images of brain. The classification of MRI images from
the open accessible datasets. Classification of the AD using deep learning and Convolutional Neural
Networks (CNN) along with VGG16 algorithm. The system follows various activities like dataset
acquisition, image segmentation, feature extraction and classification. The projected arrangement
accomplishes noteworthy performance with the finest accuracy. As, the accuracy increases classification
will be accurate without any prior errors.

Keywords: Alzheimer’s Disease, Neural Networks, Convolutional Neural Networks, VGG16, MRI
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Introduction

Alzheimer's disease (AD) represents a profound challenge to global healthcare systems, affecting
millions of individuals and their families worldwide. This progressive neurodegenerative disorder is
characterized by a relentless decline in cognitive function, memory loss, and a host of associated
symptoms that profoundly impact the affected individual's quality of life. While AD is the primary cause
of amnesia among older adults, other conditions such as Traumatic Brain Injury, Stroke, Encephalitis,
and Transient Global Amnesia also contribute to memory loss.

As the population ages, the prevalence of AD is projected to rise dramatically, posing significant social,
economic, and healthcare burdens in the coming decades. In recent years, the intersection of healthcare
and technology has opened up promising avenues for enhancing diagnostic processes. Machine learning
techniques, particularly deep learning algorithms, have emerged as powerful tools for analyzing medical
imaging data and aiding in the diagnosis of diseases like AD. Leveraging large-scale datasets and
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advanced computational methods, these techniques can extract meaningful patterns and features from
MRI images of the brain, facilitating early detection and intervention.

Early detection of AD is paramount for several reasons. Firstly, it enables individuals to access
appropriate medical care and support services promptly, thereby enhancing their quality of life and
delaying the progression of the disease. Secondly, early intervention may allow for the implementation
of lifestyle modifications and pharmacological treatments that can help manage symptoms and
potentially slow disease progression. Furthermore, early diagnosis facilitates participation in clinical
trials aimed at developing novel therapies and interventions, thus advancing our understanding and
treatment of AD.

The proposed system offers several advantages over traditional diagnostic methods. By utilizing deep
learning models, it enables accurate prediction of Alzheimer's disease stages from MRI images, thereby
facilitating early detection and intervention. The user-friendly interface ensures ease of use, while
personalized recommendations enhance the relevance and efficacy of the system. Magnetic Resonance
Imaging (MRI) 2 has emerged as a cornerstone in the diagnosis and management of AD. MRI offers
exquisite anatomical detail, allowing clinicians to visualize structural changes within the brain
associated with AD, such as hippocampal atrophy, cortical thinning, and ventricular enlargement.
Convolutional Neural Networks (CNNs) have demonstrated remarkable capabilities in extracting
complex patterns and features from large-scale datasets, making them wellsuited for tasks such as
medical image classification and segmentation. The VGG16 architecture, a deep CNN model pretrained
on ImageNet, has garnered significant attention for its performance in various image recognition tasks

Literature Survey

Recent advancements in machine learning and neuroimaging techniques have significantly improved the
early detection of Alzheimer’s disease. Igor Kononenko (2001) demonstrated that machine learning
models can enhance diagnostic accuracy compared to traditional rule- based systems, which were often
time-consuming and prone to human error. With the development of healthcare technologies, Min Chen
et al. (2017) highlighted the importance of neuroimaging techniques such as MRI and PET scans in
identifying structural and functional changes in the brain, thereby improving disease prediction
accuracy. In addition, Islam et al. (2018) proposed machine learning-based approaches for Alzheimer’s
detection using MRI data, showing improved classification performance. Similarly, Zhang et al. (2011)
introduced multi-modal learning methods that combine MRI, PET, and clinical data to enhance
prediction accuracy.

Earlier studies by G. FitzGerald et al. (2010) focused on traditional patient assessmetnt systems and
emphasized the need for automation in medical diagnosis. Furthermore, the introduction of Clinical
Decision Support Systems by Edward H. Shortliffe and Molly Septlveda (2018) showed how
artificial intelligence can assist in improving clinical

decision-making processes. In recent years, deep learning techniques, particularly Convolutional Neural
Networks (CNN), have been widely applied for analyzing medical images due to their ability to
automatically extract features and provide high accuracy.

Additionally, transfer learning models such as VGG16, proposed by Karen Simonyan and Andrew
Zisserman (2014), have further enhanced performance by reducing training time and improving
classification accuracy, especially when working with limited datasets.
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Moreover, publicly available datasets like the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
have played a crucial role in advancing research by providing high-quality MRI and PET scan data for
training machine learning models. Recent studies also focus on multi-modal approaches that combine
neuroimaging data with clinical and genetic information, resulting in more accurate and reliable
predictions. Despite these advancements, challenges such as limited dataset availability, overfitting, and
lack of model interpretability still exist. Overall, the literature indicates that integrating machine learning
with neuroimaging techniques provides a powerful approach for the early detection of Alzheimer’s
disease, although further improvements are required for real-world clinical implementation.

Proposed System

The proposed system is a web-based platform that leverages advanced machine learning techniques to
predict Alzheimer's disease stages from MRI images. At its core, the system aims to provide accurate
predictions of Alzheimer's disease stages by analyzing MRI images of the brain. One of the key
features of the proposed system is its user-friendly interface, which allows individuals, including
patients, caregivers, and healthcare professionals, to easily upload MRI scans and interact with the
system.

This intuitive interface enhances accessibility to diagnostic tools and empowers users to take proactive
steps in managing Alzheimer's disease. By streamlining the process of uploading and analyzing MRI
images, the system eliminates barriers to accessing crucial healthcare resources, particularly for
individuals in remote or underserved areas. Users can upload MRI scans of the brain through a user-
friendly interface, and the system employs a deep learning model to analyze the images and predict the
stage of Alzheimer's disease.Tthe system assigns each scan to one of the predefined classes representing
different stages of the disease, such as Mild Demented, Moderate Demented, Very Mild Demented, and
Non-Demented.

Upon prediction, the system provides personalized recommendations and precautions based on the
predicted stage, aiding caregivers and individuals in understanding and managing the disease effectively.
By continuously updating the model with new data and evaluating its performance against ground truth
labels, the system can adapt to evolving diagnostic challenges and enhance its accuracy and efficacy in
Alzheimer's disease diagnosis

System Architecture
AD Classification System — Architecture Diagram

Input Layer

Open-access MRI brain image dataset

Dataset Acquisition

Load & organise MR| scans

Preprocessing

Resizing, normalisation, augmentation
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Image Segmentation

Isolate brain regions of interast

Feature Extraction — CNN + VGG16

Deep learmning model for spatial feature learning
Convolutional layers } ' Pooling layers | Fully connected layers
Spatial pattern detaction Dimensonality reducton J 1igh-level feature mapping |
Classification
Softmax output — Alzheimer's stage prediction
Non-demented Very mild AD Mild AD Moderate AD

Severe stage

No Impairmant Early stage Modersate <tage

’ Performance Evaluation

Atcuracy, precision, recall, Fl-score

Uses an open-access MRI brain image dataset as the data source, making it reproducible and accessible
for research.

MRI scans are loaded and organised systematically before any processing begins, ensuring structured
data flow.

Applies resizing, normalisation, and augmentation to standardise images and improve model
generalisability by reducing overfitting.

Isolates specific brain regions of interest (ROI), helping the model focus only on relevant areas rather
than the entire scan.

The core of the architecture uses the VGGI16 deep learning model, broken into three sub-

components:
Convolutional Layers — detect spatial patterns in brain tissue Pooling Layers — reduce dimensionality
while retaining key features Fully Connected Layers — perform high-level feature mapping for
classification

Outputs predictions across 4 classes:

Non-demented (No impairment) Very Mild AD (Early stage) Mild AD (Moderate stage) Moderate AD
(Severe stage)

Model is evaluated using standard metrics: Accuracy, Precision, Recall, and F1-score, ensuring a well-
rounded assessment.

A feedback loop runs from Performance Evaluation back to Preprocessing, allowing iterative
improvement of the model based on results.

Methodology

1. Collect neuroimaging data (MRI scans)

2. Preprocess the data (clean and normalize images)

3. Extract important features from images

4. Train machine learning model (Decision Tree / Random Forest)
5. Test the model for accuracy
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6. User inputs data or uploads image
7. System predicts Alzheimer’s stage
8. Display the result with probability
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Conclusion

In conclusion, this project successfully developed a deep learning model based on the VGGI16
architecture for the classification of brain MRI images into four categories: Mild Demented, Moderate
Demented, Non-Demented, and Very Mild Demented. The model demonstrated promising performance
with high accuracy, precision, recall, and F1l-scores, indicating its potential for assisting in the early
diagnosis and management of dementia-related conditions. By leveraging advanced image processing
techniques and state-of-the-art neural network architectures, this project contributes to the ongoing
efforts in the field of medical imaging and healthcare technology. However, further research and
validation on larger and more diverse datasets, as well as collaboration with medical experts, are
essential to ensure the model's robustness and reliability in real-world clinical settings. Overall, this
project lays the foundation for future developments in computer-aided diagnosis systems aimed at
improving patient outcomes and enhancing the quality of healthcare delivery.

Future Work

The proposed system can be further enhanced in several ways to improve its performance and usability.
One of the main areas of future work is to increase the accuracy of Alzheimer’s disease prediction by
training the model on larger and more diverse neuroimaging datasets. Advanced techniques such as deep
learning models, especially Convolutional Neural Networks (CNN), can be implemented to achieve
better feature extraction and classification results. The system can also be improved by incorporating
Natural Language Processing (NLP), allowing users to describe symptoms in a more flexible and user-
friendly manner. Additionally, developing a mobile application would make the system more accessible
to a wider range of users. Future enhancements may also include integration with real-time hospital
databases, online doctor consultation, and appointment booking features. Furthermore, strengthening data
security and privacy measures will be essential to protect sensitive medical information. Expanding the
system to support multiple diseases beyond Alzheimer’s will make it more scalable and practical for
real-world healthcare applications

References
1. Islam et al,, “A Deep Learning-Based Approach for Alzheimer’s Disease Classification Using

[JFMR260272660 Volume 8, Issue 2, March-April 2026 5



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Neuroimaging Data,” Journal of Biomedical Informatics, 2018.

2. Zhang et al., “Multimodal Classification of Alzheimer’s Disease and Mild Cognitive Impairment
Using Neuroimaging Data,” Neurolmage, 2011.

3. G. FitzGerald et al., “Emergency Department Triage Revisited,” Emergency Medicine Journal, 2010.

4. Igor Kononenko, “Machine Learning for Medical Diagnosis: History, State of the Art and
Perspective,” Artificial Intelligence in Medicine, 2001.

5. Min Chen et al.,, “Disease Prediction by Machine Learning over Big Data from Healthcare
Communities,” IEEE Access, 2017.

6. Edward H. Shortliffe and Molly Sepulveda, “Clinical Decision Support in the Era of Artificial
Intelligence,” JAMA, 2018.

[JFMR260272660 Volume 8, Issue 2, March-April 2026 6



http://www.ijfmr.com/

