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Abstract

Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder affecting millions worldwide. Early
detection is crucial for effective intervention and management. Recent advancements in machine learning,
particularly the integration of Convolutional Neural Networks (CNN) and Support Vector Machines (SVM), have
shown promise in enhancing diagnostic accuracy using neuroimaging data. This paper reviews the hybrid CNN-
SVM approach, emphasizing its application in the Indian context. We discuss recent Indian research
contributions, challenges, and future directions, highlighting the potential of these models to improve early AD
detection and patient outcomes.

Keywords: Alzheimer's Disease (AD), MRI, PET, fMRI, CNN, SVM, MCI.

1. Introduction

Alzheimer’s Disease (AD) leads to cognitive decline, memory loss, and behavioral changes, significantly
impacting patients and their families. In India, the prevalence of AD is rising due to an aging population,
necessitating efficient diagnostic tools for early detection [4]. Traditional diagnostic methods, including clinical
evaluations and neuroimaging, often face limitations such as high costs and subjective interpretations. Machine
learning (ML) offers automated, accurate solutions, with hybrid models like CNN-SVM combining the strengths
of deep learning and classical ML techniques[5].

2. Related Work

2.1 Alzheimer's Disease in India

India faces a growing burden of AD, with projections indicating a significant increase in cases over the next
decade. Early diagnosis is essential to manage the disease effectively and reduce its societal impact.
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2.2 Traditional Diagnostic Methods

Conventional AD diagnosis involves:

1. Clinical Assessments: Evaluating cognitive abilities through standardized tests and reviewing the
patient’s medical history.

2. Neuroimaging Techniques: Utilizing MRI and PET scans to observe structural and functional alterations
in the brain.

3. Biomarker Examination: Analyzing cerebrospinal fluid to detect abnormal levels of amyloid-beta and
tau proteins, which are key indicators of Alzheimer’s disease.

These methods, while informative, can be invasive, expensive, and subject to interpretative variability.

2.3 Machine Learning in AD Detection
ML approaches have been explored to enhance AD diagnosis:

1. Support Vector Machines (SVMs): Effective in classifying high-dimensional data, such as
neuroimaging features.SVMs are chosen for AD detection due to their strength in handling high-
dimensional, complex neuroimaging data. The features extracted from MRI, PET, fMRI, and DTI scans
offer insights into structural, functional, and metabolic changes in the brain, helping to differentiate
individuals with AD from healthy controls. The combination of these features with the power of SVMs
allows for accurate and reliable AD detection, even in the presence of subtle changes [3],[6],[8]

2. Convolutional Neural Networks (CNNs): Excel in automatic feature extraction from imaging data,
capturing complex patterns indicative of AD.

Common CNN architectures used for AD detection include:

1. 2D CNNs: Applied to individual slices of MRI or PET images.

2. 3D CNNs: Used for volumetric data, such as 3D MRI or PET scans, where the spatial context across slices
IS important.

3. Transfer Learning: Pre-trained models (such as VGG, ResNet, or DenseNet) can be fine-tuned on
neuroimaging data to benefit from prior knowledge and reduce the amount of training data required.

CNNs excel at detecting AD because of their ability to automatically extract features from imaging data,
learn complex spatial patterns, and capture subtle brain changes associated with the disease. They are
especially effective when working with high-dimensional data like MRI and PET scans, as they can learn
hierarchical representations of brain structures, cortical thinning, atrophy, and disruptions in brain
networks [7]. This makes CNNs a powerful tool for early detection and classification of Alzheimer's
disease [5], [6].

3. Hybrid CNN-SVM Approach

3.1 Methodology

The Hybrid CNN-SVM model integrates the power of Convolutional Neural Networks (CNNs) for feature
extraction and Support Vector Machines (SVMs) for classification, offering a robust and efficient method for

detecting Alzheimer’s disease from neuroimaging data like MRI scans. This methodology combines the strengths
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of both techniques, allowing for automatic extraction of complex brain features, dimensionality reduction using
PCA, and accurate classification of AD, MCI, and healthy controls. This hybrid approach improves the diagnostic
capabilities for early detection of Alzheimer's disease, making it a promising tool in clinical settings [1], [4], [6].

The hybrid CNN-SVM model involves:

pwnPE

Data Acquisition: Collecting neuroimaging data (e.g., MRI scans) from patients.

Preprocessing: Normalizing images, removing noise, and segmenting regions of interest.

Feature Extraction: Using a CNN to extract relevant features from preprocessed images.

Feature Selection: Reducing dimensionality through techniques like Principal Component Analysis
(PCA).

Classification: Employing an SVM to classify extracted features into categories such as AD, Mild
Cognitive Impairment (MCI), or healthy controls.

3.2 Advantages

0
%

Improved Accuracy: Enhanced feature extraction and classification lead to better diagnostic
performance.

Efficiency: Dimensionality reduction and focused classification streamline the diagnostic process.
Applicability: Suitable for diverse datasets, including those prevalent in the Indian demographic.
Automatic Feature Extraction: The CNN automatically learns relevant features from raw MRI scans
[5], eliminating the need for manual feature engineering, which can be time-consuming and prone to error.
Robust Classification: Combining CNN for feature extraction with SVM for classification combines the
strengths of both models—CNN's ability to capture complex patterns and SVM’s ability to find the
optimal decision boundary [5].

Dimensionality Reduction: PCA helps reduce the computational burden and mitigates the risk of
overfitting by selecting the most relevant features.

Improved Performance: The hybrid approach often yields higher classification accuracy compared to
using CNNs or SVMs alone, as CNNSs excel at learning features, while SVMs are strong at classification.

4. Recent Indian Research Contributions

Indian researchers have made significant strides in applying ML to AD detection:

Singh et al. (2024) conducted a comprehensive review of ML techniques for predicting the progression
from MCI to AD, emphasizing the potential of hybrid models in the Indian context[10].

Nagarajan and Priya (2025) explored various deep learning techniques for early AD detection,
highlighting the effectiveness of CNNs in feature extraction from MRI data [3],[11].

Cherian et al. (2023) examined the feasibility of using ML approaches, including hybrid models, for early
AD  diagnosis, demonstrating  promising  results in  accuracy and efficiency[12].

These studies underscore the growing interest and capability within India to develop ML-based solutions for AD
detection.
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5. Challenges and Limitations

5.1 Data Availability

e Limited Access: High-quality, annotated neuroimaging datasets are scarce in India.
e Diversity: Variations in genetic and environmental factors necessitate region-specific data.

5.2 Infrastructure

e Computational Resources: Advanced ML models require significant processing power, often lacking in
resource-constrained settings.

e Technical Expertise: A shortage of professionals skilled in both neuroscience and ML hampers
development.

5.3 Ethical and Social Considerations

e Privacy: Ensuring patient data confidentiality is paramount.
e Awareness: Limited public understanding of AD may affect participation in research and acceptance of
Al-based diagnostics.

6. Future Directions
To advance the application of hybrid CNN-SVM models in India:

Data Collaboration: Establish national consortia to share and standardize neuroimaging data.

Capacity Building: Invest in training programs to develop expertise at the intersection of ML and
neuroscience.[9]

Technological Investment: Enhance computational infrastructure to support advanced ML research.[9]
Public Engagement: Increase awareness about AD and the benefits of early detection through community
outreach [1],[2].

7. Conclusion

The integration of CNN and SVM models offers a promising avenue for the early detection of Alzheimer's
Disease, particularly within the Indian context [1]. While challenges exist, collaborative efforts in research,
infrastructure development, and public engagement can pave the way for effective implementation. Embracing
these technologies holds the potential to improve diagnostic accuracy, facilitate early interventions, and ultimately
enhance patient outcomes in Alzheimer's care [5], [7],[8].[9].
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