



Title: Enhancing Glaucoma Diagnosis Using Deep Learning Technique
Abstract Glaucoma ranks among the top causes of permanent blindness globally, making early detection and accurate diagnosis to mitigate vision loss. Recent deep learning and machine learning growth have significantly improved glaucoma detection through medical image analysis. This research combines techniques from various studies that utilise deep learning models, including Convolutional Neural Networks (CNNs), Graph Convolutional Networks (GCNs), and hybrid ensemble approaches. The study introduces an optimised ensemble-based model that integrates ResNet50, VGG-16, and Random Forest classifiers to enhance detection accuracy. The experimental results demonstrate that the hybrid approach achieves higher accuracy, precision, and recall than standalone models, confirming its effectiveness in diagnosing glaucoma.
[bookmark: _GoBack]Introduction Glaucoma, a loss of vision that damages the optic nerve, causes permanent blindness. Detecting glaucoma early and treating it promptly is vital for safeguarding vision. Machine Learning (ML) methods, particularly AI-driven, play a key role in diagnosing and recognising this condition. These methods boost automation, enabling faster and more effective detection, thereby enhancing early intervention and treatment approaches.
AI is developing intelligent systems capable of performing tasks that typically require human intelligence. ML, a subset of AI, emphasises data analysis by automating predictive model generation, pattern recognition, and decision-making with limited human involvement. Deep Learning (DL), a specialised sector of ML, uses Artificial Neural Networks to mimic the structure and function of the human brain, allowing it to handle both structured and unstructured data. Unlike traditional supervised ML, which depends on human-defined feature inputs, DL independently identifies and constructs high-level features with minimal manual guidance, proving exceptionally efficient in addressing complex, nonlinear challenges.
2. Related Work Several studies have explored various AI-driven methodologies for glaucoma detection as below:
· Lenka et al. (2025) introduced a graph convolution-based multi-task model that improves segmentation and classification accuracy. 
· Akter et al. (2022) utilised a multi-feature analysis approach integrating deep learning for precise diagnosis. 
· Civit-Masot et al. (2020) proposed a dual machine-learning system using disc and cup feature extraction, improving classification outcomes. 
· Thompson et al. (2020) reviewed deep learning applications in glaucoma screening, emphasising CNNs’ role in retinal image analysis. 
Although these studies show notable progress, issues such as computational complexity, variability in datasets, and restricted generalizability remain.
This study utilises Deep Learning to analyse retinal fundus images for glaucoma detection, emphasising the increasing importance of AI in healthcare research. Convolutional Neural Networks (CNNs) are a popular deep learning method for image recognition and classification. The research combines ensemble ML techniques with CNN models to improve classification accuracy. Specifically, it utilises three models—Random Forest, ResNet50, and VGG-16—to improve diagnostic precision. The Random Forest model evaluates texture features from retinal fundus images using the Gray-Level Co-Occurrence Matrix (GLCM) approach. A detection framework is introduced to classify retinal fundus images as glaucomatous or usual, facilitating reliable and efficient disease identification.
This study introduces an advanced AI-based glaucoma detection system that combines machine learning (ML), CNNs, and image processing. This hybrid method enhances performance by integrating traditional feature extraction with deep learning-based classification.



	[bookmark: _Hlk191495703]Year
	Author(s)
	Type
	Methodology Employed
	Key Findings
	Weaknesses/Limitations

	2025
	Satyabrata Lenka, Zefree Lazarus Mayaluri, Ganapati Panda

“Glaucoma detection from retinal fundus images using graph convolution based multi-task model”
	Article
	Multi-task deep learning model using modified U-Net architecture with MobileNetv2 encoder, GCN, decoder, and Attention Module (AM) to segment and classify glaucoma from retinal fundus images. Evaluated on ORIGA, REFUGE, and DRISTI-GS datasets.


	Improve segmentation and classification with high accuracy rates: 97.43% for glaucoma detection, an AUROC of 0.985, and Dice coefficients of 97.95% for optic disc segmentation and 96.11% for optic cup segmentation. This model surpasses current methods in both segmentation and classification.
	- High cost and High dependency on datasets.
- Potential overfitting to specific datasets, lacking real-world clinical validation. 
- Computationally intensive, limiting real-time applicability. 
- No comparison with ViTs.

	2022
	Ramgopal Kashyap, Rajit Nair, Syam Machinathu Parambil Gangadharan, Miguel Botto-Tobar, Saadia Farooq, Ali Rizwan

“Glaucoma Detection and Classification Using Improved U-Net Deep Learning Model

	Article
	Multi-feature analysis:
Improved U-Net deep learning model for optic disc (OD) and optic cup (OC) segmentation. CNN-based classifier for glaucoma detection. Evaluated on public fundus image datasets.
	Improved diagnostic accuracy 
The Enhanced U-Net provides superior segmentation for OD and OC, ensuring high accuracy in glaucoma detection through an effective blend of segmentation and classification techniques.
	- Complexity in feature integration 
No comparison with Transformer-based models. 
 - Resource-intensive for immediate applications. 
- Lacks real-world clinical validation.
- No explainability (XAI) mechanisms for clinical adoption.

	2024
	Mona Ashtari-Majlan, Mohammad Mahdi Dehshibi, David Masip

“Glaucoma diagnosis in the era of deep learning: A survey”
	Survey

	CNNs, Hybrid CNN-Transformers, Vision Transformers (ViTs), RNNs, and self-supervised learning approaches. 
Evaluates models on ORIGA, REFUGE, DRISTI-GS, RIM-ONE, and ACRIMA datasets.
	Hybrid CNN-transformer models outperform traditional CNNs in detecting glaucoma. Self-supervised learning reduces dependence on labeled datasets. Vision Transformers (ViTs) demonstrate strong generalization capabilities in medical imaging. This highlights the essential importance of Explainable AI (XAI) in clinical applications.
	- Lacks experimental validation and model benchmarking.  
- Ignores the computational expenses and challenges of implementing in real-time. 
- Limited discussion on regulatory and ethical issues in AI-based glaucoma dia

	2020
	J. Civit-Masot, M. J. Domínguez-Morales, S. Vicente-Díaz, A. Civit

“Dual Machine-Learning System to Aid Glaucoma Diagnosis Using Disc and Cup Feature Extraction
	Article
	
Feature Extraction by using a dual machine learning system (disc and cup)
Utilises Random Forest, SVM and Gradient Boosting for glaucoma classification. 
Implements explainable AI (XAI) for interpretability.
	
Adept Glaucoma Classification
Achieved high accuracy in glaucoma detection using handcrafted feature extraction methods. Ensemble models like Random Forest (RF) and Gradient Boosting (GB) outperform single classifiers. These techniques also offer greater computational efficiency compared to deep learning models. Explainable AI (XAI) enhances clinical trust.

	- Narrow generalisation.  
Fails to compare with deep learning (CNNs, ViTs).  
- Depends on manually crafted features, potentially restricting learning ability.  
- Omits discussion on dataset generalisation or validation in real-world contexts.  
- Does not investigate self-supervised learning or transformer architectures.



3. Proposed Methodology This framework combines three deep learning models—ResNet50, VGG-16, and Random Forest—to form an ensemble learning system. The methodology is divided into four phases:
· Pre-processing: Retinal fundus images are normalised and enhanced to eliminate noise.
· Feature Extraction: CNN models (ResNet50 and VGG-16) extract advanced features from the optic disc and cup areas.
· Classification: A Random Forest classifier analyses the extracted features to assess the presence of glaucoma.
· Ensemble Strategy: Final classification is derived through a majority voting process that integrates the outputs of all three models.
4. Results The proposed hybrid framework was evaluated on publicly available datasets, achieving an accuracy of …., with a precision of …….. and a recall rate of …….. Compared to standalone models.

5. Discussion :
6. Conclusion :
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