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ABSTRACT—

Glaucoma, a progressive optic neuropathy and major cause of irreversible blindness, necessitates timely and accurate detection for effective management. This
paper explores implementation research on glaucoma detection frameworks that combine Convolutional Neural Networks (CNNs) and Support Vector Machines
(SVMs), with a specific focus on the integration of attention mechanisms. This hybrid approach aims to leverage the automated feature extraction of CNNSs and the
classification capabilities of SVMs, while attention mechanisms enhance focus on critical retinal regions to improve diagnostic accuracy and interpretability. The
report provides a detailed analysis of methodologies, a performance comparison against CNN-only approaches, an examination of system architectures, and an
overview of publicly available implementations, offering a comprehensive understanding of current research trends in this vital area of medical image analysis.
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Introduction

Glaucoma, a progressive optic neuropathy, stands as a primary cause of irreversible blindness across the globe if left undetected and improperly managed.
The insidious nature of the disease, often presenting without noticeable symptoms in its early stages, underscores the critical need for timely and accurate
detection to facilitate early intervention and mitigate the risk of severe visual impairment.® Over the years, the landscape of glaucoma detection has
witnessed a significant evolution, transitioning from conventional diagnostic approaches to the sophisticated realm of automated techniques leveraging
the power of deep learning.

This paper delves into the implementation research surrounding glaucoma detection frameworks that integrate Convolutional Neural Networks (CNNs)
and Support Vector Machines (SVMs), with a particular emphasis on the incorporation of attention mechanisms within these hybrid architectures. The
combined utilization of CNNs and SVMs represents a strategic approach to harness the automated feature extraction capabilities of deep learning models
alongside the effective classification prowess of traditional machine learning algorithms. Furthermore, the integration of attention mechanisms seeks to
enhance the focus of these frameworks on the most salient regions within retinal images, thereby potentially improving diagnostic accuracy and
interpretability. The scope of this report encompasses a detailed analysis of the methodologies employed in these hybrid frameworks, a comparative
evaluation of their performance against purely CNN-based approaches, an examination of their system architectures, and an exploration of the availability
of publicly accessible implementations. The primary objectives are to provide a comprehensive understanding of the current research trends and findings
in this critical area of medical image analysis.

Background on Glaucoma Detection using Deep Learning:

Traditional methods for diagnosing glaucoma typically involve a combination of techniques, including tonometry to measure intraocular
pressure, ophthalmoscopy to examine the optic nerve head, and visual field tests to assess peripheral vision.® While these methods are established clinical
practices, they often present limitations such as being time-intensive, requiring specialized and costly equipment, and exhibiting a degree of subjectivity
in interpretation.® These limitations have spurred the exploration and development of automated glaucoma detection systems.

Early endeavors in automating glaucoma detection involved the application of machine learning algorithms to features that were manually
extracted from retinal images by domain experts. These approaches often utilized classical classifiers such as Support Vector Machines (SVMs) to
categorize images as either glaucomatous or healthy based on these engineered features. However, the success of these methods was heavily reliant on
the quality and relevance of the handcrafted features, which often required significant prior knowledge and expertise.

The advent of deep learning, particularly Convolutional Neural Networks (CNNs), marked a significant turning point in the field of medical
image analysis for glaucoma detection. CNNs possess the remarkable ability to automatically learn hierarchical representations of features directly from
raw image data, eliminating the need for manual feature engineering.'® This capability has led to substantial improvements in the accuracy and efficiency
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of glaucoma detection systems.® CNNs excel at identifying subtle patterns and abnormalities within complex medical images like retinal fundus
photographs and Optical Coherence Tomography (OCT) scans, which are indicative of glaucoma.*®

Despite the significant progress achieved with deep learning, several challenges persist in the domain of automated glaucoma detection. These include
the subtle nature of early-stage glaucomatous changes, the considerable inter-patient variability in the presentation of the disease, and the necessity for
large, high-quality, and well-annotated datasets to effectively train deep learning models. Addressing these challenges remains a key focus of ongoing
research in the field.

Role of CNNs and SVMs in Glaucoma Detection:

The advent of deep learning has revolutionized automated glaucoma detection, with CNNs emerging as particularly effective tools for analyzing fundus
images.’* CNNs, inspired by the structure of the human visual cortex, are adept at automatically learning hierarchical representations of image data
through convolutional layers, pooling layers, and fully connected layers.* The convolutional layers extract local features such as edges and textures,
while pooling layers reduce dimensionality, and fully connected layers make the final classification.*® This ability to learn discriminative features directly
from raw pixel data has enabled CNNs to achieve high accuracy in classifying fundus images into glaucomatous and non-glaucomatous categories.*!

While CNNs excel at feature extraction, Support Vector Machines (SVMs), a supervised machine learning algorithm, are often employed as
the classifier in conjunction with CNNs.** SVMs work by finding an optimal hyperplane that best separates data points belonging to different classes in
a high-dimensional feature space.*? In the context of glaucoma detection, the features extracted by the CNN can be fed into an SVM to perform the final
classification.! Research has shown that combining CNNs with SVM classifiers can sometimes yield superior performance compared to using the
SoftMax function, which is commonly used for classification in CNNs.!! For instance, one study reported an accuracy of 95.61% using a CNN with an
SVM classifier, outperforming the same CNN with a SoftMax classifier which achieved 93.86% accuracy.™

Attention Mechanisms in Medical Image Analysis:

Attention mechanisms, inspired by human visual attention, have been successfully integrated into CNNs to further enhance their performance in various
computer vision tasks, including medical image analysis.*® These mechanisms enable the neural network to selectively focus on the most informative
parts of the input image, effectively reducing the impact of irrelevant or redundant information.™® In fundus images, which can contain a degree of
redundancy for glaucoma detection, attention mechanisms hold significant potential for improving the accuracy and efficiency of CNN-based systems.

Different types of attention mechanisms exist, including spatial attention, which focuses on specific spatial locations within the image, and
channel attention, which emphasizes important feature channels.*® By incorporating attention mechanisms, CNNs can learn to weigh the contribution of
different regions or features based on their relevance to the task of glaucoma detection.*® This focused approach can lead to improved feature extraction,
more robust classification, and better interpretability of the model's decision-making process.'® For eye-related conditions like glaucoma, where subtle
changes in specific areas of the retina are indicative of the disease, attention mechanisms can guide the model to concentrate on these critical pathological
regions.*®

Literature Survey

Glaucoma, a leading cause of irreversible blindness, necessitates early and accurate detection for timely intervention. Traditional diagnostic methods
often face limitations, paving the way for automated techniques leveraging deep learning. Among these, frameworks combining Convolutional Neural
Networks (CNNs) for feature extraction and Support Vector Machines (SVMs) for classification have emerged as promising approaches. This hybrid
strategy aims to harness the automated feature learning capabilities of CNNs alongside the effective classification of SVMs, particularly in handling high-
dimensional data derived from retinal images. Furthermore, the integration of attention mechanisms within these CNN-SVM architectures seeks to
enhance the model's focus on the most critical regions of the images, potentially leading to improved diagnostic accuracy and interpretability.

Research has demonstrated the potential of CNN-SVM hybrid frameworks in glaucoma detection. Wheyming et al (2021) introduces an
effective and robust automated glaucoma detection framework using color fundus images, which integrates Retinex transformation, a basic convolutional
neural network (CNN) with a new loss function, and optimal hyperparameters obtained through Design of Experiments (DOE), achieving high
performance (sensitivity 0.95, specificity 0.98, accuracy 0.97) with low standard errors. Suleiman et al. (2024) proposed a custom CNN with an SVM
classifier, achieving a remarkable 100% accuracy, precision, recall, and F1-score. Similarly, Al Bander et al. (2017) found that using a pre-trained AlexNet
CNN for feature extraction followed by an SVM classifier yielded a high accuracy of 95.61% and improved sensitivity compared to using a SoftMax
classifier. Ayub et al. (2016) also showcased the effectiveness of a custom CNN coupled with an SVM, achieving 88.2% accuracy on the RIM-ONE
database.

The incorporation of attention mechanisms has further advanced the capabilities of CNN-based glaucoma detection systems. Li et al. (2019) introduced
AG-CNN, an attention-based CNN designed to focus on salient regions in fundus images, demonstrating state-of-the-art performance. Singh et al. (2024)
integrated channel and spatial attention modules with EfficientNetB3 and ResNet networks to improve glaucoma grading accuracy using both 2D and
3D retinal scans. These studies underscore the significant impact of attention mechanisms in directing the network's focus to diagnostically relevant areas
within retinal images.
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Proposed methodology

A proposed methodology involves leveraging the strengths of CNNs for feature extraction from fundus images, attention mechanisms to focus on
glaucoma-relevant regions, and SVM for robust classification. One such framework is the Attention-Based Glaucoma Detection CNN (AG-CNN).2 This
architecture typically consists of three main parts: an attention prediction subnet, a pathological area localization subnet, and a glaucoma classification
subnet.?

1.  Attention Prediction Subnet: This part of the framework aims to identify the regions in the fundus image that are most relevant for glaucoma
diagnosis.? It takes the fundus image as input and generates an attention map, which highlights the salient areas.? This is often achieved using
convolutional layers and deconvolutional modules.® The attention map helps the subsequent parts of the network focus on the important
features and ignore irrelevant information.?

2. Pathological Area Localization Subnet: This subnet focuses on pinpointing the specific areas in the fundus image that show signs of
glaucoma.? It typically uses the attention map generated in the previous step to guide its analysis.> By masking the input image with the
attention map, the network can concentrate on the most relevant regions.® This subnet often employs convolutional and fully connected layers
to learn the features indicative of glaucoma.® A key output of this subnet is a visualization map that highlights the localized pathological area.?

3. Glaucoma Classification Subnet: The final stage is to classify the fundus image as either glaucomatous or non-glaucomatous.? This subnet
takes the fundus image, potentially masked by the visualization map from the previous stage, as input.® It uses a series of convolutional layers
to extract multi-scale features.® These extracted features are then fed into a Support Vector Machine (SVM) classifier to perform the final
classification.? The use of an SVM classifier in conjunction with the CNN features has been shown to sometimes improve accuracy compared
to using a SoftMax layer directly within the CNN.2
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Figure 1: Framework of the Proposed Methodology
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The entire framework is typically trained end-to-end using a combination of loss functions that guide the learning process for each subnet.®

Performance Analysis

Several studies have explored the performance of CNN-SVM frameworks incorporating attention mechanisms for glaucoma detection. The
Attention-Based Glaucoma Detection CNN (AG-CNN) architecture, proposed in , utilizes an attention prediction subnet to generate attention maps,
guiding the model to focus on relevant regions in the fundus image. This architecture, when evaluated on the LAG database, reportedly achieved high
accuracy, sensitivity, and specificity. Specifically, one account mentions an accuracy of 96.2%, a sensitivity of 95.4%, and a specificity of 96.7% on the
LAG dataset.’

Comparing these results with CNN-SVM models without explicit attention mechanisms, one study reported an accuracy of 95.61%, sensitivity
of 89.58%, specificity of 100%, and an AUC of 0.9479 on a private dataset.” This suggests that the inclusion of attention mechanisms can further refine
the model's focus on critical features, potentially leading to improved performance, although the specific gains may vary depending on the dataset and
the architecture.”

Conclusion

The analysis of the research material reveals several key findings regarding the implementation of glaucoma detection frameworks utilizing CNN-SVM
classifiers and attention mechanisms. Hybrid models combining CNNs and SVMs have demonstrated considerable promise in automating glaucoma
detection, often achieving performance metrics comparable to or even slightly exceeding those of purely CNN-based approaches. This synergy aims to
leverage the robust feature extraction capabilities of deep learning models with the effective classification prowess of SVMs. Furthermore, the integration
of attention mechanisms within CNN architectures has consistently shown to enhance detection accuracy by enabling the models to focus on the most
diagnostically relevant regions within retinal images.

While attention mechanisms have proven beneficial for CNN-based glaucoma detection, their synergistic impact when integrated into CNN-SVM
frameworks requires further exploration. Although attention improves CNN performance, the added value of combining it with SVM in a hybrid model
is not uniformly documented across the reviewed literature. Some studies suggest marginal gains or comparable performance, while others may indicate
more significant improvements depending on the specific architectural choices and datasets used.
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