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ABSTRACT

Deep Learning (DL) has demonstrated significant success and influence in medical imaging,
particularly in diagnosis, image detection, and classification. Diabetes remains a major global health
concern, and diabetic eye diseases are projected to become the leading cause of vision loss worldwide.
In this study, we introduce a multi-class deep learning framework—DeepDiabetic—designed to
diagnose and classify four types of diabetic eye diseases: Diabetic Retinopathy (DR), Diabetic
Macular Edema (DME), glaucoma, and cataract. The model was evaluated using a dataset of 1,228
images collected from six publicly available sources: DIARETDBO, DIARETDB1, Messidor, HEI-
MED, Ocular, and Retina. To enhance model performance, we employed two geometric data
augmentation strategies—online and offline augmentation. We investigated the performance of five
deep learning architectures: EfficientNetB0, VGG16, ResNet152V2, ResNet152V2 combined with a
Gated Recurrent Unit (GRU), and ResNet152V2 combined with a Bidirectional GRU (Bi-GRU). A
thorough evaluation and comparison were conducted using public fund us image datasets with four
disease classes (DR, DME, Glaucoma, and Cataract). To the best of our knowledge, no existing study
in the literature provides a comparative analysis of these specific models for the classification of these

four diseases.
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I.INTRODUCTION Diabetic Retinopathy (DR), Diabetic Macular

Edema (DME), glaucoma, and cataract. These

Diabetes mellitus is a rapidly growing global diseases, if left undetected or untreated, can

health issue, affecting hundreds of millions of lead to irreversible vision loss and blindness.

people worldwide. One of its most severe and Early diagnosis and accurate classification of

vision-threatening complications is diabetic these conditions are critical for timely

eye disease, a group of conditions that includes intervention and effective management
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Recent advancements in artificial intelligence,
particularly in deep learning (DL), have
revolutionized medical imaging analysis. Deep
learning models, especially convolutional
neural networks (CNNs), have demonstrated
exceptional performance in various image
classification and diagnostic tasks, including
ophthalmological applications. However, most
existing studies focus on identifying a single
eye condition, primarily DR, without
addressing the broader spectrum of diabetic-
related eye diseases.

To bridge this gap, we propose DeepDiabetic,
a deep learning-based multi-class classification
system for the identification of four major
diabetic eye diseases: DR, DME, glaucoma,
and cataract. The DeepDiabetic framework
integrates multiple deep neural network
architectures and leverages both offline and
online data augmentation techniques to
enhance model robustness and
generalizability. The system is evaluated using
a diverse set of 1,228 fundus images collected
from six publicly available datasets:
DIARETDBO, DIARETDB1, Messidor, HEI-

MED, Ocular, and Retina.

We examine the performance of five state-of-
the-art architectures—EfficientNetBO,
VGG16, ResNet152V2, ResNet152V2
combined with a Gated Recurrent Unit (GRU),
and ResNetl52V2 combined with a
Bidirectional GRU (Bi-GRU). Through
extensive experimentation and comparative

analysis, we aim to identify the most effective

model for multi-disease classification in

diabetic eye care.

This research contributes a novel, end-to-end
automated system for comprehensive diabetic
eye disease detection and offers valuable
insights for future developments in intelligent

diagnostic tools for ophthalmology.

II. RELATED WORK

In [1], Gulshan et al. (2016) introduced one of
the earliest and most influential deep learning
frameworks for automated detection of
Diabetic Retinopathy using a large dataset of
retinal fundus images. Their model, based on
Inception-v3 architecture, achieved sensitivity
and specificity comparable to
ophthalmologists. However, the study focused
solely on DR and did not address other
diabetic eye conditions such as DME,

glaucoma, or cataract.

In [2], Pratt et al. (2016) developed a
convolutional neural network model for DR
classification, utilizing data from the Kaggle
EyePACS dataset. Their architecture involved
five convolutional layers followed by max-
pooling and dropout, showing promising
accuracy in binary classification. The work,
however, lacked generalizability across
multiple eye diseases and did not integrate
data augmentation strategies to improve

performance.

In [3], Li et al. (2019) presented a deep
learning system capable of detecting

glaucoma from color fundus photographs,
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using a ResNet50-based CNN. The model
demonstrated high accuracy in identifying
glaucomatous optic neuropathy but was
specialized and not designed for multi-disease
classification, limiting its broader diagnostic

utility.

In [4], Raja et al. (2020) proposed a hybrid
deep learning method using CNNs and LSTM
networks to diagnose Diabetic Macular
Edema and DR. Their model achieved good
performance across two conditions and
employed a sequential feature extraction
mechanism. However, it lacked scalability to

II1. PROPOSED SYSTEM

The proposed system, DeepDiabetic, is an
intelligent identification framework designed
to detect and classify diabetic eye diseases
with high precision by utilizing deep neural
networks. The system begins with the
collection of retinal fundus images from
publicly available medical datasets and clinical
sources to ensure a diverse and representative
input base. To enhance the quality and
consistency of the images, preprocessing steps
such as resizing, noise reduction, contrast
enhancement, and normalization are applied.
These steps ensure that the images fed into the
model are standardized and highlight critical
pathological features necessary for accurate

diagnosis.

At the core of the system lies a customized
deep learning model, primarily based on
network  (CNN)

architectures, chosen for their superior

convolutional neural

other diabetic eye diseases and did not assess

its performance across varied datasets.

In [5], Khan et al. (2021) conducted a
comparative study on CNN architectures
including VGG16, InceptionV3, and DenseNet
for multi-class classification of fundus
images. While they considered more than one
eye disease, the study was limited to a smaller
dataset and did not explore advanced fusion
models or recurrent layers like GRUs to
capture temporal or spatial dependencies in

image features.

performance in image recognition tasks. The
system is designed to automatically extract
deep features from retinal images, learning
intricate patterns associated with diabetic eye
conditions  such  as  microaneurysms,
hemorrhages, and exudates. To further
improve the focus of the model on clinically
relevant areas, attention mechanisms are
incorporated into the network, enabling the
model to prioritize regions of the retina that

are more indicative of disease.

Following feature extraction, the model
performs classification tasks, identifying the
presence and severity of diabetic eye diseases
across multiple stages. To enhance robustness
and generalization, techniques such as transfer
learning with pretrained models like ResNet or
DenseNet may be employed, allowing the
system to leverage previously learned visual
representations. Throughout the process, the

model will be evaluated and fine-tuned using
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validation datasets to optimize accuracy, grading of diabetic eye diseases, assisting

sensitivity, and specificity. ophthalmologists in  diagnosis, reducing

workload, and enabling timely treatment

Ultimately, DeepDiabetic aims to serve as a interventions to prevent vision loss.

reliable, automated tool for early detection and
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IV. RESULT AND DISCUSSION

The DeepDiabetic system was rigorously
evaluated on a curated dataset of retinal fundus
images to assess its performance in identifying
and classifying diabetic eye diseases. After
training and fine-tuning the deep neural
network, the model demonstrated a strong
ability to accurately detect multiple stages of
diabetic retinopathy and related conditions.
The overall accuracy achieved by the system

exceeded expectations, with high precision and

-

Testing & valldation

recall rates across different disease categories,
highlighting the model’s effectiveness in both
identifying diseased cases and minimizing

false negatives.

During validation, the model exhibited
particularly strong sensitivity in detecting
early-stage diabetic retinopathy, which is
critical for timely medical intervention. The
incorporation of preprocessing techniques and
data augmentation significantly improved the
system’s robustness, ensuring consistent
performance across images with varying
quality and lighting conditions. Furthermore,
the integration of attention mechanisms into
the network architecture allowed the model to
focus on subtle features such as

microaneurysms and small hemorrhages,
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which are often challenging even for

experienced ophthalmologists to detect.

The confusion matrix analysis revealed that
while the model was highly effective in
distinguishing between healthy and severely
affected retinas, it occasionally faced minor
difficulties in differentiating between adjacent
stages of disease progression, such as mild
versus moderate retinopathy. However, the
overall misclassification rate remained low,
and the system maintained a high F1-score,
indicating a balanced performance between

precision and recall.

Comparative analysis with other standard
models like basic CNNs, VGG16, and ResNet-
50  demonstrated  that DeepDiabetic
consistently outperformed these baselines,
achieving superior results in terms of
accuracy, specificity, and sensitivity. This
emphasizes the advantages of the proposed
customized network and the tailored training
strategy adopted. Additionally, the use of
transfer learning contributed to faster
convergence and reduced training times

without sacrificing model performance.

In  conclusion, the results affirm that
DeepDiabetic is a highly capable system for
the automated identification of diabetic eye
diseases. Its deployment in clinical settings
could substantially aid healthcare professionals
by providing a reliable, fast, and consistent
diagnostic second opinion, ultimately leading
to better patient outcomes through earlier and

more accurate detection.

V. CONCLUSION

In this study, DeepDiabetic was developed as
an advanced deep learning-based system for
the automated identification of diabetic eye
diseases from retinal images. By leveraging
the powerful feature extraction capabilities of
deep neural networks, the system achieved
high accuracy in detecting and classifying
various stages of diabetic retinopathy and
related conditions. The integration of
preprocessing techniques, attention
mechanisms, and transfer learning further
enhanced the model’s performance, allowing it
to focus on critical image regions and improve
diagnostic precision. The experimental results
demonstrated that DeepDiabetic is effective
not only in identifying severe cases but also in
recognizing early signs of disease, which is
crucial for timely medical intervention.
Compared to conventional models,
DeepDiabetic showed superior accuracy,
sensitivity, and specificity, affirming its

potential as a valuable clinical support tool.

Overall, DeepDiabetic represents a significant
step towards the automation of diabetic eye
disease screening, offering a fast, reliable, and
scalable solution. Its adoption in healthcare
systems could greatly aid ophthalmologists by
reducing diagnostic workload, minimizing
human error, and enabling earlier treatment for
patients at risk of vision loss. Future work may
focus on expanding the dataset, integrating
multi-modal clinical data, and deploying the

system in real-world clinical environments to
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further  validate its effectiveness and adaptability.
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