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Abstract

A degenerative neurological state of affairs, Alzheimer's disease (AD) gradually impairs cognitive
and functional capacities, especially in people over 65. Early AD detection is crucial for efficient
management and treatment prep. This study delves into novel approaches for the early detection of
AD using non-invasive methods. We've implemented a blend of neuroimaging data analysis and
machine learning algorithms to pinpoint markers indicative of the disease during its initial phases.
Our methodology entails scrutinizing patterns within MRI and PET scans and correlating them with
clinical assessments to refine diagnostic precision. The outcomes suggest that our approach
significantly enhances early detection rates compared to conventional diagnostic techniques. We can
detect small changes in the brain's structure and operation that might occur before clinical symptoms
by utilizing cutting-edge technology and predictive modeling. This research not only furthers our
comprehension of Alzheimer’s Disease but also fosters a proactive and personalized approach to
healthcare in neurodegenerative conditions. Our discoveries stand to aid healthcare professionals in
making timelier and more accurate diagnoses, potentially enhancing patient outcomes through
prompt intervention. he algorithms tested include Support Vector Machines (SVM), Random Forests,
k-Nearest Neighbors (k-NN), and Convolutional Neural Networks (CNN). Each model was assessed for
accuracy, sensitivity, and specificity in distinguishing between healthy controls, mild cognitive
impairment (MCI), and AD patients. Experimental results reveal that CNN models applied to MRI data
achieved the highest classification accuracy, demonstrating the effectiveness of deep learning
techniques in detecting early structural changes associated with AD. Findings contribute to the
development of robust, non-invasive diagnostic tools that leverage ML for early AD detection, paving
the way for precision medicine in neurodegenerative disease management.
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Alzheimer's Disease (AD) is a degenerative
brain condition that gradually diminishes cognitive
functions and memory, affecting millions of
individuals worldwide. Identifying Alzheimer's in
its initial stages is critical because it allows for
early intervention, which can significantly slow the
progression of the disease and improve the quality
of life for patients. However, traditional methods
for diagnosing AD are often invasive, costly, and
not always accurate in the early stages of the
disease. Modern technological advances have
created fresh prospects for early identification in
response to these obstacles.

This paper explores a pioneering approach
using artificial intelligence (Al) and machine
learning (ML) to identify early signs of
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Alzheimer’s Disease. By leveraging Al, we can analyze data from cognitive tests and behavioral
assessments more efficiently and accurately than traditional methods. Our approach involves
developing a predictive model that utilizes machine learning algorithms to process and analyze
various indicators of cognitive decline that are often subtle and overlooked in initial assessments. The
goal of this study is to provide a tool that is not only more accurate but also user-friendly and non-
invasive, making it a valuable asset for healthcare professionals. This research paper addresses the
imperative for improved Alzheimer's disease detection through the application of Convolutional
Neural Network (CNN) algorithms, a subset of deep learning techniques renowned for their ability to
extract intricate patterns from complex data. By leveraging the power of CNNs, we aim to enhance
the accuracy and efficiency of AD diagnosis, particularly in the early stages when
interventions are most effective. This study aims to evaluate the efficacy of various ML algorithms
for AD detection, comparing classical methods like Support Vector Machines (SVM) and k-Nearest
Neighbors (k-NN) with deep learning approaches such as Convolutional Neural Networks (CNN). The
study seeks to identify the most effective algorithms for accurately distinguishing AD from mild
cognitive impairment (MCI) and healthy aging, focusing on image-based biomarkers and clinical data as
primary inputs [1-5].

PROBLEM STATEMENT
Older persons have been greatly affected by Alzheimer's disease (AD), a progressive neurological
illness that gradually compromises cognitive function and normal daily activities.

Diagnosing Alzheimer’s in its initial stages is notoriously difficult due to the subtle onset of
symptoms that often mimic normal cognitive changes associated with aging. Better diagnostic
techniques that are capable of identifying Alzheimer's disease at an early stage are crucial.

The importance of early detection lies in its potential to allow for earlier intervention strategies,
which can decelerate the disease's progression, thereby improving life quality for patients and
lessening the impact on caregivers and healthcare infrastructures [6].

SYSTEM ARCHITECTURE

Here's a proposed system shown in Figure 1 architecture for Alzheimer's disease detection using
machine learning techniques:

1. Uploading MRI Images

o Data Collection: The process begins with the acquisition of MRI (Magnetic Resonance
Imaging) scans of individuals suspected of having Alzheimer's disease. These scans offer
fine-grained maps of the anatomy of the brain and can identify anomalies linked to the
ailment.

e Image Storage and Retrieval: The MRI images are uploaded or retrieved from a database
where they are stored. This database may be part of a hospital's medical imaging system, a
research repository, or a cloud-based storage solution [7].

2. Image Preprocessing

o Data Cleaning: The MRI images may undergo preprocessing to remove artifacts, noise, or
any irrelevant information that could affect the accuracy of the analysis.

e Skull Stripping: Non-brain tissues, such as the skull and scalp, are removed from the
images using skull stripping techniques. This stage aids in focus the analysis on the
anatomy and the brain.

e Intensity Normalization: The intensities of the MRI images are normalized to ensure
consistency across different scans and imaging protocols. This step helps in reducing
variability in the data and improves the performance of the machine learning model.

e Spatial Normalization: The MRI images may be spatially normalized to a common
template or reference space. This step aligns the images from different individuals into a
common coordinate system, facilitating comparison and analysis [8].

© STM Journals 2024. All Rights Reserved 54



Journal of Experimental & Applied Mechanics
Volume 15, Issue 3
ISSN: 2230-9845 (Online), ISSN: 2321-516X (Print)

Upload MRI Image r > 'l'

Data Cleaning

Input Stage : l

____________________________

Skull Stripping

Intensity Normalization

¥

Spatial Normalization

Image Preprocessing

Mild Demented

Y

Convolutional Layer

l

Moderate Demented

h 4

h 4

Polling Layer

Mon Demented

hd

l

Fully Connected Layer

Very Mild Demented

hd

CNN Prediction

Ouiput Siage

System Architecture

Figure 1. System Architecture

1. CNN Prediction

Feature Extraction: The preprocessed MRI images are fed into a Convolutional Neural
Network (CNN) for feature extraction. Convolutional, combining them, and fully linked
layers constitute the several layers that jointly make up the CNN.

Convolutional Layers: The convolutional layers learn hierarchical representations of
features from the input MRI images. These layers apply filters to the images to detect
patterns and features relevant to Alzheimer's disease.

Pooling Layers: The dimensions of space of the feature maps that result from the
convolutional layers are decreased by pooling layers. This enhances the model's efficiency
and lowers its complexity for computation.

Fully Connected Layers: For classification, convolutional neural layers' collected features
are routed through fully connected tiers.

These layers perform a nonlinear transformation of the features and produce a probability
distribution over the classes (Alzheimer's disease or healthy).

Prediction: Each class's projected proportion is represented by the CNN's data. The final
forecast is made for the class with the greatest likelihood of success.

This prediction indicates whether the input MRI image is indicative of Alzheimer's disease
or not.

In summary, Alzheimer's disease detection using machine learning involves multiple stages,
including uploading MRI images, image preprocessing to clean and normalize the data, and CNN
prediction to extract features and make predictions based on these features. Each stage plays a crucial
role in the overall process of analyzing MRI images for Alzheimer's disease diagnosis [9].
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Model Training and Evaluation
80-20% train-test elements of the dataset were used to train and evaluate the models in question.

Hyperparameter tuning was performed using grid search, optimizing parameters such as kernel type
for SVM, the number of estimators for RF, and k values for k-NN. A batch size of 32 and education
rate of 0.001 were chosen for CNN.

Metrics for evaluation included:

e Accuracy: Overall percentage of correctly classified instances.

o Sensitivity (Recall): The rate of correctly identifying AD cases.

o Specificity: The ability to correctly classify non-AD cases.

e AUC-ROC, or area under the receiver operating characteristic curve, is a metric used to
compare the performance of binary classification [10].

Model Performance Comparison
Results from model evaluations revealed notable distinctions in each algorithm’s ability to classify

AD and MCI. Performance metrics are summarized in Table 1.

Table 1. Performance Metrics of ML Algorithms for AD Detection.

Algorithm Accuracy (%) Sensitivity (%0) Specificity (%0) AUC-ROC
SVM 82.3 80.5 83.0 0.87
Random Forests 78.9 76.4 79.8 0.82
k-NN 75.6 74.0 76.3 0.79
CNN 90.1 88.5 91.4 0.94

CNN Model Analysis

CNN outperformed other models in detecting structural changes in MRI images associated with
AD, achieving an accuracy of 90.1% and an AUC-ROC of 0.94. CNN’s success is attributed to its
capacity to capture high-dimensional, nonlinear features within MRI images, distinguishing AD-
related atrophy patterns that are less discernible to traditional algorithms.

Feature Importance in Random Forests

The Random Forest model provided insight into feature importance, highlighting MRI-based
hippocampal volume, APOE ¢4 status, and age as the top predictors of AD. However, its accuracy
(78.9%) was lower than CNN, indicating the limitation of ensemble methods in handling complex,
image-based data.

DISCUSSION

The findings indicate that CNN is the most effective model for AD detection, particularly when
applied to MRI data, due to its ability to capture detailed spatial information. While SVM and
Random Forests performed reasonably well, their reliance on linear separability and feature
engineering makes them less suited for high-dimensional image data. These results align with
previous studies demonstrating CNN’s superiority in medical image classification tasks.

The study also highlights the value of combining multiple data types—imaging, genetic
biomarkers, and demographic data—to improve diagnostic accuracy. Future work should focus on
developing hybrid models that integrate CNNs with clinical data-based classifiers, further improving
early detection capabilities.

CONCLUSION
In this research endeavor, we've developed a robust system tailored for Alzheimer's disease
detection through machine learning, specifically utilizing Convolutional Neural Networks (CNNSs) for
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intricate image analysis. Our system presents a non-invasive, cost-effective, and efficient approach to
early Alzheimer's detection and prognosis, centering on MRI image analysis. Through thorough
experimentation and validation, our CNN model has shown promising outcomes in accurately
identifying Alzheimer's disease stages, spanning from mild to severe, using MRI images. Our work is
crucial as it has the potential to change how the disease is diagnosed and treated.

By leveraging the capabilities of machine learning and image analysis, our system meets the urgent
demand for early detection and intervention, thereby enhancing patient outcomes and elevating the
quality of life for those impacted by this degenerative neurological condition.

Looking ahead, future research endeavors will concentrate on further optimizing the CNN model
architecture, integrating supplementary imaging modalities, and conducting real-world deployment for
extensive validation. Furthermore, ongoing efforts will prioritize bolstering data security,
safeguarding privacy, and ensuring regulatory compliance, all crucial for the seamless integration and
adoption of our system within healthcare frameworks. This study evaluated the effectiveness of
machine learning algorithms in detecting Alzheimer’s disease, with CNN emerging as the most accurate
model for analyzing MRI-based biomarkers. The high sensitivity and specificity achieved by CNN
demonstrate its potential as a diagnostic tool for AD, supporting early intervention and personalized
treatment planning. The findings underscore the need for ongoing research into ML-based diagnostics
for neurodegenerative diseases and suggest that integration with genetic and clinical data could enhance
predictive accuracy. This research represents a step toward reliable, non-invasive diagnostic tools that
align with the goals of precision medicine.
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