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Abstract: The medical field requires blindness-related evidence which proves diabetic retinopathy non-preventable 

because it needs to be demonstrated through its initial occurrence and all subsequent occurrences. The machine 

learning (ML) automated detection systems can assist organizations to perform effective screenings that enable them 

to do their activities with fewer human considerations. The article examines the role of machine learning methods by 

the researchers to develop automated systems that detect various types of retinopathy. The study contrasts the 

conventional classification techniques with Support Vector Machines k-Nearest Neighbors Decision Trees random 

forests and most recent deep learning techniques that comprise Convolutional Neural Networks and transfer learning 

systems. The report indicates the key problems that encompass preprocessing images and feature extraction and 

dataset usage and performance assessment indicators. The analysis demonstrates that deep learning models are more 

capable of detecting intricate patterns on retinal images compared to conventional ones whereas the use of ensembles 

can optimize system performance and accuracy. The study explores three feasible issues that comprise data-

imbalance and system-insight and clinical-implementation to demonstrate that the system with ML can introduce 

enhancements to the eye care delivery process. 

Keywords: Artificial Intelligence, Machine Learning, Support Vector Machines, Retinopathy, and Health Care, 

CNN. 
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 I INTRODUCTION 

Diabetic Retinopathy stands as a worldwide health crisis 

which ranks as the foremost source of vision loss that public 

health researchers can prevent especially among people who 

work between the ages of 18 and 65 [1]. Early and accurate 

detection proves essential for staying ahead of its 

development while safeguarding visual capabilities, yet 

existing diagnostic approaches that depend on human experts 

to study retinal fundus images require excessive time and 

resources while showing different results from different 

operators [2], [3]. The development of machine learning and 

deep learning methods creates an effective solution because 

these technologies enable machines to examine images 

automatically which improves both speed of diagnosis and 

access to medical services [4]. In this paper, various machine 

learning algorithms are analyzed that include traditional 

classification solutions, advanced deep learning solutions to 

attain automated DR detection and diagnostic procedures. 

This paper explores system methodology using three 

principal aspects that comprise image processing and feature 

extraction and model construction using various data sets. 

The study evaluates the model with usual performance 

measures and evaluates their capability to identify 

complicated patterns on the retina that are associated with the 

different levels of diabetic retinopathy development [5]. The 

current review provides an extensive examination of modern 

machine learning algorithms which include convolutional 

neural networks as they operate in systems that automatically 

detect diabetic retinopathy through medical image analysis 

[6][7]. The deep learning models which include 

Convolutional Neural Networks achieve better performance 

because they can learn hierarchical features from retinal 

images which result in improved diabetic retinopathy 

detection accuracy [8]. The development of these systems 

shows their ability to transform diabetic retinopathy 

screening through their development from basic 

convolutional networks to their current state which uses 

advanced systems to solve problems of class imbalance and 

domain shift [9] The advancement provides a new approach 

which enables better screening programs that deliver precise 

results to people in areas with limited access to medical 

services [10] The automated systems have become more 
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popular because they can separate normal cases from the 

abnormal ones which allows them to screen large groups 

without needing to check each individual image [11] The 

system provides important advantages to areas which lack 

enough eye doctors because it creates trustworthy and 

efficient systems which can diagnose patients at the same 

level as qualified medical professionals [12].  The system has 

the capability of automatically detecting the presence of 

complex disease markers using retinal scan analysis that 

illustrates how machine learning diagnostic systems can 

enhance the health outcome of the population [13]. This 

development is enabled by the mature capability of CNNs to 

extract intricate disease features in retinal images 

independently, eliminating the need to have human operators 

to find this data [14]. 

Machine learning techniques enhance retinopathy screening 

systems because they offer healthcare systems solutions that 

enable worldwide expansion while their detection capabilities 

remain intact. The number of diabetic patients has increased 

rapidly which creates an unsustainable situation for retinal 

screening programs that require automated solutions to 

maintain effective healthcare operations. Global health 

reports project that diabetes will become more common 

which will result in more people developing Diabetic 

Retinopathy and create a greater need for effective screening 

systems. 

The machine learning models in this situation provide support 

for binary classification tasks while they enable systems to 

assess different levels of retinopathy through multi-class 

grading which helps determine the best treatment methods. 

Advanced algorithms can identify microaneurysms and 

hemorrhages and exudates and neovascularization which 

serve as crucial pathological markers of disease development. 

The system enables precise stage classification which aids 

ophthalmologists in their clinical decisions while it decreases 

the amount of work required for diagnostic purposes. 

The automated diagnostic system development process has 

advanced through research studies which use large public 

datasets that include Kaggle EyePACS, Messidor, and 

DRIVE for their benchmarking. The existing difficulties 

created through dataset imbalance and image changes and 

noise artifacts and cross-domain generalization problems 

continue to impact model strength and ability to function in 

real-world situations. 

The development of transfer learning and ensemble methods 

which use existing deep neural network models to learn from 

new data brought about a major breakthrough in research. 

The researched methods proved their ability to generalize 

better when they operated under conditions of restricted 

access to medical data which had been properly marked. The 

field of ML-based retinopathy diagnosis systems require 

clinical validation and explainability and ethical assessment 

for successful implementation of its current technological 

developments. The use of Explainable Artificial Intelligence 

XAI techniques has become more common because they 

deliver visual attention maps together with interpretable 

predictions which enhance clinician trust and regulatory 

acceptance. 

II LITERATURE REVIEW 

The hierarchical feature extraction capabilities of CNNs 

enable them to detect minute details and major semantic 

elements which result in their ability to examine all potential 

indicators of diabetic retinopathy [15]. The automated system 

improves both accuracy and efficiency for medical image 

assessment of diabetic retinopathy detection [16][17]. Deep 

learning techniques combined with standard image 

processing methods and new architectural designs have 

resulted in improved deep CNNs which effectively classify 

and assess diabetic retinopathy and diabetic macular edema 

[18]. Furthermore, multitasking deep neural networks which 

represent advanced deep learning models show strong 

potential for predicting DR labels through their classification 

and regression methods which achieve high kappa scores by 

using their advanced feature hierarchy system [19]. The 

models use advanced architectural designs to detect three 

essential DR progression biomarkers which include 

microaneurysms and hemorrhages and exudates [20]. 

Automated systems development brings major benefits 

because it helps to address public health problems which 

include ophthalmologist shortages and extended waiting 

times through its ability to deliver scalable diabetic 

retinopathy screening systems [21]. Automated systems 

provide multiple benefits because they enable health 

professionals to identify diabetic retinopathy at an earlier 

stage while decreasing the chance of vision loss and 

providing better efficiency and cost savings for widespread 

patient evaluations compared to traditional manual methods 

[22]. The new technologies help to solve two major 

healthcare problems because they minimize the time needed 

for accurate diagnosis and they reduce the chances of doctor 

errors in diagnosis which occur when doctors lack access to 

qualified ophthalmologists in medical facilities with limited 

resources [23]. Automated diabetic retinopathy diagnostic 

systems based on artificial intelligence and machine learning 

technology are developed by researchers that include 

convolutional neural networks to ensure effective results in 

the implementation of diagnostic systems and the 

identification of lesions and evaluation of the disease severity 

[24], [25]. The automated systems rely on deep learning 
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models to learn a complex pattern of fundus images 

automatically and hence detect diabetic retinopathy and its 

various forms [26] 

Recent achievements in the field of deep learning technology 

prove that convolutional neural networks can detect diabetic 

retinopathy of fundus images with high accuracy and 

comparable or even higher detection rates than human 

specialists [27]. The system requires this capability because  

DR needs accurate early diagnosis to stop permanent vision 

impairment which occurs through its progressive 

development [28]. Deep learning systems have proven their 

ability to classify diabetic macular edema, which constitutes a 

major diabetic vision loss problem, by achieving high area 

under the receiver operating characteristic curves across both 

primary and external datasets [29]. The system shows 

exceptional diagnostic results because it allows automated 

systems to improve screening procedures by making them 

more efficient and available in regions that do not have 

specialist ophthalmologists [30]. 

 

Year / 

Period 

Approach Used Key Contribution Dataset Used Major Limitation 

2000–2008 Image Processing + 

Rule-Based Systems 

Manual feature extraction 

(microaneurysms, exudates detection) 

DRIVE, STARE High dependency on 

handcrafted features 

2009–2013 Traditional ML (SVM, 

KNN, ANN) 

Feature-based DR classification using 

texture & morphological features 

Messidor Limited generalization 

capability 

2014–2016 Early Deep Learning 

(Basic CNN) 

Automatic feature extraction from 

fundus images 

Kaggle 

EyePACS 

Large data requirement, 

overfitting issues 

2016–2018 Transfer Learning 

(VGG, AlexNet, 

ResNet) 

Improved accuracy using pre-trained 

models 

EyePACS, 

Messidor-2 

Computational complexity 

2018–2020 Ensemble & Hybrid 

Models 

Combination of CNN + Traditional 

ML 

Multiple datasets Model interpretability 

challenges 

2020–2022 Multi-task Learning & 

Attention Models 

Simultaneous DR grading & lesion 

detection 

IDRiD, APTOS Class imbalance problems 

2022–2025 Explainable AI (XAI), 

Lightweight CNNs 

Model transparency & deployment in 

mobile screening 

Multi-center 

datasets 

Clinical validation still 

ongoing 

https://onlinejist.com/index.php/jist/index


|| Volume I || Issue I || 2026 || January-March                                                                         

© 2026 JIST All Rights Reserved                          www.onlinejist.com                                                           - 13 -                                                            

Table 1: Historical Evolution of Machine Learning in 

Retinopathy Detection 

The table shows how automated retinopathy detection 

methods developed over time which started with traditional 

image processing and machine learning techniques and 

evolved into contemporary deep learning and ensemble 

models and explainable artificial intelligence methods. The 

system demonstrates its progress through three features 

which it uses to solve its existing problems of data imbalance 

and interpretability issues. 

The application of AI technology within ophthalmic  

diagnostic testing establishes a new standard which 

empowers healthcare organizations to execute more efficient 

screening procedures that require fewer resources while their 

public health initiatives become enhanced [31] [32]. 

Researchers can now examine extensive retinal database 

records through the combination of AI-based systems and 

machine learning methods which achieve more than 90 

percent accuracy in diabetic retinopathy detection using their 

deep learning models [33]. The system achieves performance 

results that either match or exceed the diagnostic capabilities 

of ophthalmologists to demonstrate how AI technology will 

change clinical practice [34] [35]. 

exceptional diagnostic results because it allows automated 

systems to improve screening procedures by making them 

more efficient and available in regions that do not have 

specialist ophthalmologists [30]. 

III METHODOLOGY 

The section describes the research methods which researchers 

used to create and assess machine learning models that 

automatically detect data retrieval methods through their data 

collection and data processing and model design and 

performance assessment methods. The study needs complete 

information about its datasets which should include details 

about their origins their volume and their annotation 

procedures [36]. 

Convolutional Neural Network (CNN)-Based Automated 

Retinal Image Classification 

The researchers developed a complete deep learning system 

which detects and classifies Diabetic Retinopathy (DR) 

through its analysis of retinal fundus images using 

Convolutional Neural Networks (CNNs). 

Data Acquisition 

The study applies three publicly available retinal image 

datasets comprising of Kaggle EyePACS and Messidor and 

IDRiD. The datasets contain labeled fundus images that show 

different levels of diabetic retinopathy that extend to No DR 

to Proliferative DR to Mild and Moderate and Severe. 

Image Preprocessing 

To improve model performance and reduce noise, the 

following preprocessing steps are applied: 

● Image resizing (e.g., 224×224 pixels) 

● Normalization of pixel intensity values 

● Contrast enhancement (CLAHE) 

● Data augmentation (rotation, flipping, zooming) to 

address class imbalance 

CNN Architecture Design 

A deep CNN model is designed consisting of: 

● Convolutional layers for feature extraction 

● ReLU activation functions 

● Max-pooling layers for dimensionality reduction 

● Fully connected layers for classification 

● Softmax layer for multi-class DR grading 

 

Figure 1: CNN-Based Automated Retinal Image 

Classification 

The figure demonstrates the entire operational process of a 

CNN-based system that automatically classifies retinal 

images to detect Diabetic Retinopathy. The process starts 

with the acquisition of retinal fundus images which use 

datasets from EyePACS and Messidor followed by image 

preprocessing steps that include resizing and normalization 

and CLAHE enhancement and data augmentation. 
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The network processes the images through a CNN 

architecture which consists of convolutional layers and 

pooling layers and fully connected layers to extract features 

at different levels. The network learns to identify retinal 

features during model training while it also develops the 

ability to classify multiple DR severity levels. The system 

performance assessment uses various metrics which include 

accuracy and precision and recall and AUC score and 

Cohen’s kappa score. 

Transfer Learning-Based Retinopathy Detection Using 

Pre-Trained Deep Learning Models  

The automated detection of retinopathy through transfer 

learning has become the most successful approach for this 

task because it enables computers to work with medical 

images that do not have sufficient training data. Through 

transfer learning deep neural networks use existing pre-

trained models as their starting point which includes ResNet 

and VGG and Inception and EfficientNet that have already 

undergone training on ImageNet and other extensive image 

databases. The models possess advanced capabilities to 

extract features because they acquired knowledge about 

fundamental visual elements through their training which 

includes edges and textures and shapes that scientists can use 

to develop retinal image classification systems. 

 

Figure 2: Transfer Learning-Based Retinopathy Detection 

Using Pre-Trained Deep Learning Models. 

The figure shows the transfer learning process which is used 

to detect retinopathy. The process begins with retinal fundus 

images which undergo preprocessing and augmentation 

before they are fed into a pre-trained CNN model that 

includes ResNet and VGG. The model is improved through 

the addition of fresh classification components which enable 

DR grading assessment and its performance is measured 

through accuracy and kappa score and AUC and precision-

recall evaluation. 

The process begins with researchers gathering retinal fundus 

images from public databases like EyePACS and Messidor 

which they then prepare through multiple preprocessing 

techniques that include image resizing and normalization and 

contrast enhancement and creation of additional images 

through augmentation. The preprocessed images proceed into 

a pre-trained convolutional neural network for processing. 

The initial convolutional layers remain frozen to keep their 

low-level features while the final fully connected layers 

undergo two processes which involve changes to their 

structure and adjustments for diabetic retinopathy stage 

classification. The fine-tuning process helps the model learn 

to recognize specific retinal features which include 

microaneurysms and hemorrhages and exudates that exist 

within the domain. 

The process of transfer learning enables organizations to 

achieve two benefits which include reduced operational 

expenses and shortened time requirements for developing 

deep learning models. The method establishes superior 

generalization results which become more significant when 

medical databases contain limited data. The model develops 

strong classification abilities because it can use learned 

feature representations through different image quality levels 

and acquisition conditions. 

The traditional machine learning methods get surpassed by 

transfer learning systems because these systems build 

advanced hierarchical feature detection capabilities which 

work through their deep learning model construction. 

The researchers explore the numerous approaches that can be 

employed to solve the imbalance of data since they have to 

ensure that the models will be working in diverse 

circumstances of disease prevalence [37]. The study also 

describes how certain feature engineering schemes and 

augmentation strategies were applied to get improved model 

generalization coupled with reducing overfitting issues. The 

study will describe how the researchers selected the machine 

learning models since their choice can cover not only simple 

classifiers but also sophisticated deep neural networks that 

can be used to accomplish the challenging task of identifying 

diabetes retinopathy. The study will evaluate the performance 

of the models in terms of its chosen measures that are 

sensitivity and specificity and area under the receiver 

operating characteristic curve since the measures will identify 

the diagnostic accuracy and clinical usefulness of the models 

[38] [39]. The study will be based on two primary aspects 

that cover ethical concerns connected to algorithmic bias and 

data privacy and the challenges the AI technology poses to 

the existing healthcare systems [40]. 

 

https://onlinejist.com/index.php/jist/index


|| Volume I || Issue I || 2026 || January-March                                                                         

© 2026 JIST All Rights Reserved                          www.onlinejist.com                                                           - 15 -                                                            

IV CONCLUSION 

The automated retinopathy detection system experienced a 

major breakthrough because machine learning methods 

combined with CNN techniques enable retinal fundus image 

analysis through precise and adaptable and fast processing 

capabilities. The research study investigated the historical 

development of methods which start from traditional machine 

learning algorithms and progress toward deep learning and 

transfer learning methods. The Convolutional Neural 

Networks system showed strong ability to make automatic 

hierarchical feature extractions while transfer learning 

demonstrated better system performance with less 

computational demands when handling small medical data 

sets. The authentication results improved together with 

grading performance because the system designs which used 

ensemble methods had their parameters optimized through 

fine tuning. The full challenges application requires 

organizations to solve problems which include class 

imbalance and dataset variations and system usability and 

actual testing requirements. The research needs of the future 

require specialists to investigate explainable AI solutions 

together with compact system designs and cross-domain 

application methods which will make healthcare resources 

more trustworthy and easier to use. The ML-based automated 

diagnostic systems provide valuable advantages to 

ophthalmologist work because they facilitate mass screening 

efforts which help detect retinopathy earlier and more 

accurately thereby decreasing worldwide vision impairment 

caused by preventable eye conditions. 
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