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Abstract:- The project explores the deployment of
Convolutional Neural Networks (CNN) and the
Inception V3 model for the automated detection and
classification of diabetic retinopathy stages using fundus
images. Recognizing diabetic retinopathy as a leading
cause of blindness among the working-age population
globally, this research aims to streamline the diagnostic
process, traditionally reliant on the manual examination
by ophthalmologists. Through the utilization of the
DRIVE and STARE datasets, the project benchmarks
the performance of CNN and Inception V3 models in
accurately categorizing the severity of diabetic
retinopathy into five distinct stages. The comparison
between these models is grounded on parameters such
as accuracy, loss, and predicted value, with findings
indicating Inception V3's superiority in both
performance metrics and diagnostic precision. This
advancement could significantly contribute to early and
more accessible detection of diabetic retinopathy,
thereby mitigating progression towards blindness.
Furthermore, the project underscores the potential of
deep learning algorithms in enhancing diagnostic
methodologies for retinal diseases, paving the way for
future explorations in the field of medical imaging and
artificial intelligence.
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I INTRODUCTION

Diabetic retinopathy (DR) stands as a formidable
challenge in the domain of ophthalmological disorders,
predominantly affecting the global working-age population
with a trajectory towards irreversible blindness. The onset
of this condition is intricately linked to the prolonged
existence of diabetes, which instigates damage to the
retina's delicate blood vessels. Early detection and
intervention are paramount in curtailing the progression of
DR, yet the traditional diagnostic processes are
cumbersome, time-intensive, and hinge significantly on the
expertise of trained ophthalmologists. The manual
examination of digital color fundus photographs, while
effective, poses bottlenecks in scalability and accessibility,
necessitating a shift towards more automated, precise, and
efficient diagnostic solutions.
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Enter the realm of artificial intelligence and machine
learning, where Convolutional Neural Networks (CNN) and
models like Inception V3 are revolutionizing the approach
to medical image analysis, including the screening and
classification of diabetic retinopathy stages. These
advanced algorithms offer the promise of automating the
detection process, significantly reducing the time from
image acquisition to diagnosis. By leveraging the
capabilities of CNN and Inception V3, this project aims to
develop a system that can accurately classify fundus images
into specific stages of diabetic retinopathy, thus facilitating
early intervention and management of the disease. This
approach not only enhances the accuracy of diagnoses but
also democratizes access to screening, potentially reaching
underserved populations.

This project is anchored on the analysis of high-
resolution fundus images sourced from the DRIVE and
STARE datasets, employing deep learning algorithms to
navigate the complexities of retinal imagery and extract
pertinent features indicative of various DR stages. The
comparative evaluation of CNN and Inception V3 models
in this context illuminates the path forward in the adoption
of Al in ophthalmology. By doing so, it underscores a
transformative shift in the landscape of DR diagnosis,
setting a precedent for the integration of Al-driven
methodologies in the broader spectrum of medical
diagnostics. Through this venture, the project endeavors to
not only enhance the efficiency and accuracy of DR
screenings but also contribute to the overarching goal of
mitigating vision loss among the diabetic populace.

1. PURPOSE OF THE PAPER

The overarching purpose of this paper is to illuminate
the profound potential that artificial intelligence,
specifically Convolutional Neural Networks (CNN) and the
Inception V3 model, holds in revolutionizing the diagnostic
process for diabetic retinopathy (DR). As DR continues to
be a leading cause of vision impairment and blindness
among the diabetic population worldwide, the need for
more efficient, accurate, and accessible diagnostic methods
is undeniable. Traditional diagnostic practices, heavily
reliant on the manual examination of fundus images by
ophthalmologists, are not only resource-intensive but also
prone to variability in diagnostic accuracy. This paper aims
to explore and validate the efficacy of leveraging advanced
deep learning algorithms to automate the detection and
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classification of DR stages, thereby facilitating early
intervention and potentially reducing the burden of the
disease.

Furthermore, this paper seeks to contribute to the body
of knowledge within the intersection of ophthalmology and
artificial intelligence by providing a comprehensive
comparison between CNN and Inception V3 models in the
context of DR stage detection. Through rigorous analysis
and evaluation of these models using standard datasets like
DRIVE and STARE, the study endeavors to identify the
most effective algorithmic approach for fundus image
analysis. The ultimate goal is to pave the way for a future
where Al-driven diagnostic tools are widely accessible,
reducing the dependency on specialist intervention and
democratizing the early detection of DR. By showcasing
the capabilities of these models, the paper aims to
underscore the importance of integrating Al into the
healthcare domain, particularly in areas where early
detection can significantly alter disease prognosis and
patient outcomes.

I1. LITERATURE REVIEW

In the realm of diabetic retinopathy (DR) detection,
Uyyanonvara et al.[1] pioneered a methodology leveraging
fuzzy c-means and morphological operations to automate
the identification of exudates from retinal images. Their
work underscored the significance of precise exudate
detection in early DR diagnosis, showcasing the potential
of combining fuzzy logic with morphological techniques to
enhance detection accuracy. This approach not only
highlighted the effectiveness of fuzzy c-means in handling
the inherent uncertainty and variability in medical images
but also set a precedent for future research in automated
DR screening systems.

Dorairaj et al.[2] advanced the field by developing an
automated system for detecting and classifying vascular
abnormalities in diabetic retinopathy. Their innovative use
of image processing techniques laid the groundwork for the
computer-aided diagnosis of DR, emphasizing the critical
role of vascular feature analysis in identifying the disease's
progression. By automating the detection process, they
offered a scalable solution to the labor-intensive task of
manual DR assessment, marking a significant step towards
the integration of computational methods in
ophthalmology.

Li et al.[3] introduced an automatic grading system for
retinal vessel caliber, a crucial indicator of diabetic
retinopathy severity. Their methodology, based on IEEE
Transactions on Biomedical Engineering, employed
advanced image analysis techniques to quantify vessel
diameter changes, providing a novel tool for assessing DR
risk levels. This work demonstrated the feasibility of using
automated vessel caliber assessment in clinical settings,
offering a non-invasive means to monitor DR progression
and facilitate early intervention strategies.
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Aquino et al.[4] focused on the challenge of detecting
the optic disc boundary in digital fundus images, a critical
step in diagnosing various eye diseases, including diabetic
retinopathy. By combining morphological, edge detection,
and feature extraction techniques, they achieved remarkable
accuracy in optic disc localization. Their research
contributed significantly to the automation of retinal image
analysis, reducing the reliance on manual interpretation and
paving the way for more efficient and accurate diagnostic
processes in ophthalmology.

Lalonde et al.[5] tackled the problem of optic disc
detection with an innovative approach using pyramidal
decomposition and Hausdorff-based template matching.
Their method, detailed in IEEE transactions on medical
imaging, provided a fast and robust solution to one of the
fundamental challenges in automated retinal image
analysis. By enhancing the accuracy and speed of optic disc
detection, their work facilitated the early diagnosis of
retinal diseases, including diabetic retinopathy, and
underscored the importance of precise anatomical feature
localization in medical imaging.

Welikala et al.[6] explored the automated detection of
proliferative diabetic retinopathy using a modified line
operator and a dual classification system. Their work
represents a significant leap in identifying this advanced
stage of DR, which poses a high risk of vision loss. By
leveraging computer methods and programs in
biomedicine, they not only improved the detection rates of
proliferative DR but also illuminated the path for
developing more sophisticated algorithms that could
accurately differentiate between various stages of the
disease, thus enabling timely and targeted treatments.

Kauppi and Kalvidinen[7] introduced a simple yet
robust method for optic disc localization using color
decorrelated templates. Their approach, presented at the
10th International Conference on Advanced Concepts for
Intelligent Vision Systems, tackled one of the critical
preprocessing steps in retinal image analysis. By enhancing
the accuracy of optic disc detection, their research
facilitated the subsequent analysis stages for DR diagnosis,
proving that even subtle improvements in image
preprocessing could significantly impact the overall
effectiveness of automated diagnostic systems.

Leida et al.[8] focused on the detection of copy-move
forgery in digital images using Local Binary Patterns
(LBP), showcasing the method's efficiency. While their
research primarily addressed image integrity and
authenticity, the underlying techniques hold potential
applications in medical imaging, particularly in ensuring
the authenticity of retinal images used in diagnosing
conditions like diabetic retinopathy. Their work highlights
the importance of securing medical images against
tampering, thus ensuring the reliability of automated DR
detection systems.
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Huang, Guo, and Zhang[9] investigated copy-move
forgery detection using the SIFT algorithm in digital
images. Their 2008 IEEE Pacific-Asia Workshop on
Computational Intelligence and Industrial Application work
underscores the critical role of maintaining image integrity,
a concern that extends into the realm of medical imaging.
By providing a reliable method to detect tampering in
digital images, their research supports the authenticity of
fundus photographs utilized in automated DR screening,
thereby upholding the diagnostic process's accuracy and
trustworthiness.

Sutcu et al.[10] delved into tamper detection based on
the regularity of wavelet transform coefficients, presented
at the 2007 IEEE International Conference on Image
Processing. Their innovative approach to ensuring image
integrity has implications for the field of diabetic
retinopathy detection, where the authenticity and accuracy
of retinal images are paramount. By applying their tamper
detection techniques, the medical community can further
trust the digital fundus images used in automated DR
diagnosis, reinforcing the foundation upon which Al-based
screening systems are built.

Katada et al.[16] embarked on an innovative approach
to screen for diabetic retinopathy using artificial
intelligence to analyze interracial fundus images. Published
in Intelligence-Based Medicine in 2020, their work
highlights the critical importance of Al in overcoming
racial disparities in DR detection accuracy. By training
models that effectively recognize DR across diverse
populations, their research marks a significant step towards
universal, equitable health care solutions in ophthalmology,
ensuring accurate DR detection irrespective of patient
ethnicity.

Wan, Liang, and Zhang[17] focused on the potential
of deep convolutional neural networks (DCNNSs) for
diabetic retinopathy detection through image classification.
Their 2018 study in Computers & Electrical Engineering
underscores the transformative power of DCNNs in
identifying DR from fundus images with remarkable
accuracy. This research not only showcases the
advancements in Al for health care but also emphasizes the
scalability of such models to handle vast datasets, thereby
enhancing DR screening efficiency and accessibility.

Liu et al.[18] explored the identification of referable
diabetic retinopathy from eye fundus images using a
weighted path for convolutional neural networks, as
documented in Artificial Intelligence in Medicine in 2019.
Their innovative approach to prioritizing certain features in
the CNN pathway significantly improved the model's
ability to distinguish between referable and non-referable
cases of DR, thereby optimizing the screening process. This
work is instrumental in refining DR detection algorithms
for better resource allocation and focused patient care.

Marin et al.[19] in 2010 introduced a new supervised

method for blood vessel segmentation in retinal images,
utilizing gray-level and moment invariants-based features.
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Published in IEEE Transactions on Medical Imaging, their
methodology enhances the accuracy of identifying and
analyzing retinal blood vessels, a crucial factor in
diagnosing DR. This advancement not only contributes to
the precision of automated DR screening systems but also
aids in understanding the vascular changes associated with
the progression of the disease.

Faust et al.[20] provided a comprehensive review of
algorithms for the automated detection of diabetic
retinopathy using digital fundus images, as seen in the
Journal of Medical Systems in 2012. Their work
systematically evaluates various computational approaches,
offering critical insights into the strengths and limitations
of existing methodologies. This review serves as a
cornerstone for future research in DR detection,
highlighting the need for continued innovation and the
integration of more sophisticated Al models to improve
diagnostic outcomes.

Karumanchi, Gaillard, and Dillon[21] discussed the
potential of the eye serving as a window to early diabetes
diagnosis through optical techniques. Their 2015 study in
Photochemistry and Photobiology presents a fascinating
exploration of how changes in the eye can preemptively
indicate the onset of diabetes, even before DR symptoms
manifest. This research underscores the broader
implications of eye health in systemic disease diagnosis,
advocating for a more integrated approach to health
monitoring and preventive care.

Akram, Khalid, and Khan[22] focused on the
classification and detection of microaneurysms for early
diabetic retinopathy diagnosis, as detailed in their 2013
Pattern Recognition study. By developing an algorithm
specifically targeted at these early DR indicators, their
work significantly contributes to the early detection and
intervention strategies, potentially reducing the progression
to more severe stages of DR. Their methodology highlights
the importance of targeted feature analysis in improving the
accuracy of DR screening tools.

Orlando, Prokofyeva, and Blaschko[23] introduced a
discriminatively trained model for blood vessel
segmentation in fundus images, utilizing a fully connected
conditional random field model. Published in IEEE
Transactions on Biomedical Engineering in 2016, their
work advances the precision of segmenting retinal vessels,
a critical aspect of automated DR detection systems. This
study exemplifies the integration of machine learning
models with traditional image analysis techniques to
achieve superior segmentation accuracy, paving the way for
more reliable DR diagnoses.

Gurudath, Celenk, and Riley[24] explored the
identification of diabetic retinopathy from fundus images
through machine learning, presented at the 2014 IEEE
Signal Processing in Medicine and Biology Symposium.
Their research delves into the capabilities of machine
learning algorithms in accurately diagnosing DR,
emphasizing the potential of computational techniques to
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revolutionize the screening process. This work not only
demonstrates the efficacy of machine learning in medical
imaging analysis but also encourages the adoption of these
technologies in clinical settings for enhanced patient
outcomes.

Hatanaka et al.[25] proposed an automated method for
microaneurysm detection in retinal images, utilizing a
double-ring filter and feature analysis, as shown in their
2012 IEEE Symposium on Computer-Based Medical
Systems presentation. This method significantly improves
the detection rates of microaneurysms, offering a promising
tool for early DR screening. By focusing on one of the
earliest detectable signs of DR, their work contributes to

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/l1JISRT24APR704

the development of early intervention strategies, potentially
curbing the disease's progression and associated vision loss.

V. ABOUT DATASET

This research leverages two pivotal datasets in the
field of ophthalmology: the Digital Retinal Images for
Vessel Extraction (DRIVE) and the Structured Analysis of
the Retina (STARE) datasets. Both are publicly available
and widely recognized for their utility in developing and
benchmarking algorithms in retinal image analysis,
particularly for tasks such as vessel segmentation, feature
extraction, and the automated detection of retinal diseases
like diabetic retinopathy.

--

Fig 1: Dataset Images to Train the Model

The DRIVE dataset comprises 40 color fundus
photographs, equally split into a test and training set, each
containing 20 images. These images were captured using a
Canon CR5 non-mydriatic 3CCD camera with a 45-degree
field of view (FOV). Each image is provided at a resolution
of 565 x 584 pixels, showcasing the retina's detailed
vascular  structure. The dataset includes manual
segmentations by experts, serving as a ground truth for
vessel segmentation tasks. The inclusion of both healthy
and pathological retinal images within the DRIVE dataset
allows for the development and testing of algorithms under
varied conditions, closely mimicking real-world diagnostic
scenarios.

Similarly, the STARE dataset is another cornerstone
in retinal image processing, consisting of 20 color fundus
photographs obtained from a Topcon TRV-50 fundus
camera with a 35-degree FOV. These images are presented
at a higher resolution of 700 x 605 pixels, offering an even
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more detailed view of the retinal structure. The STARE
dataset is unique for its diversity in pathology, including
images with signs of diabetic retinopathy, macular
degeneration, and glaucoma, among other conditions. This
diversity makes STARE an invaluable resource for training
and validating models aimed at detecting a broad spectrum
of retinal diseases.

Both DRIVE and STARE datasets have been
instrumental in this project, providing a robust foundation
for training and evaluating the Convolutional Neural
Network (CNN) and Inception V3 models. The datasets'
high-quality, annotated images have enabled a
comprehensive analysis of model performance in
identifying and classifying various stages of diabetic
retinopathy, contributing significantly to the advancement
of automated diagnostic solutions in ophthalmology.
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V. PROPOSED METHODOLOGY
A. Data Preprocessing and Augmentation
¢ Normalized Image=(Image—Min)/(Max—Min)

where Min and Max are the minimum and maximum
pixel values in the image, respectively. This normalization
aids in achieving a common scale across all images.

The first critical step in our proposed methodology
involves preprocessing and augmenting the data from the
DRIVE and STARE datasets. Given the variance in image
quality, lighting conditions, and the presence of artifacts,
it's imperative to standardize the images to ensure the
models train on consistent and high-quality data.
Preprocessing tasks include resizing images to a uniform
dimension, applying histogram equalization to improve
contrast, and employing image normalization techniques to
scale pixel values. Furthermore, data augmentation
techniques such as rotation, flipping, and scaling are
utilized to artificially expand the training dataset. This not
only aids in creating a more robust model by introducing a
variety of perspectives but also helps in mitigating the issue
of overfitting by providing a more generalized dataset for
the models to learn from.

B. Convolutional  Neural  Network Model
Development

In the CNN maodel, the output of a convolutional layer

can be calculated using the formula:

(CNN)

FOij=a(b® +YmY s WOn XEDiamyn)
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Fig 2: Block Diagram of CNN

The core of our methodology rests on developing a
CNN model tailored for the detection and classification of
diabetic retinopathy stages. The CNN architecture is
designed with multiple layers, including convolutional
layers, activation layers (ReLU), pooling layers, and fully
connected layers, to extract and learn hierarchical feature
representations from the retinal images. Each convolutional
layer aims to detect features at various levels of
complexity, from basic edges and textures in the initial
layers to more complex patterns and shapes relevant to
diabetic retinopathy in deeper layers. The model's
architecture is fine-tuned through hyperparameter
optimization, including kernel size, number of filters, and
learning rate, to achieve optimal performance.

C. Implementation of Inception V3 Model
e L =->M_,yo.clog(po,c)

where L is the loss, M is the number of classes (stages
of diabetic retinopathy) yo,c is a binary indicator of
whether class label ¢ is the correct classification for
observation o, and po,c is the predicted probability that
observation o is of class c.

Classification Layer

Batch
Normalization
2
=
S1I2X512X3 Pertained Inception V3
(RGB)
..................................................... ,
CONV CONV CONV CONY :
2 -
{14x14x1) (14x14x8) (14x14x64) (14x14x64) :
..................................................... |
Attention Layer
e e S Y Grade 0
P & "‘3‘.“"" oAr) FC (dense) (128) &
(axidneig | | Muldly Pool 1 Pool + Grade 1
! 2 Dropout + [ReLU] !

Fig 3: Model Diagram of Inception V3
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Parallel to the CNN model, the Inception V3 model,
known for its efficiency in image classification tasks, is
employed and fine-tuned for our specific use case.
Inception V3's architecture, with its multiple convolutional
layers and inception modules, allows for a comprehensive
and depth-wise feature extraction without significantly
increasing computational cost. This model is adapted to the
task by modifying the final layers to cater to the multi-class
classification of diabetic retinopathy stages. Transfer
learning is leveraged, utilizing pre-trained weights on a
large-scale image dataset, to accelerate the training process
and enhance feature extraction capabilities, particularly for
high-resolution fundus images.

D. Model Evaluation and Comparison

Fig 4: Images used for Model Testing and Model
Evaluation

The final section of our methodology involves
evaluating and comparing the performance of the CNN and
Inception V3 moadels. This evaluation is conducted using a
split of the datasets into training, validation, and testing
sets, ensuring an unbiased assessment of model
performance. Key metrics, including accuracy, precision,
recall, and F1-score, are calculated for each model across
the various stages of diabetic retinopathy. Additionally,
confusion matrices are generated to visualize the models'
performance in accurately classifying each stage. The
comparison aims to determine the more effective model in
terms of both accuracy and computational efficiency,
guiding the selection of the most suitable model for
deployment in automated diabetic retinopathy stage
detection and classification systems.
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VI. RESULTS AND DISCUSSION

Fig 7: Inception V3 Output for the Input Image

The comparative analysis between the Convolutional
Neural Network (CNN) and Inception V3 models yielded
insightful results regarding their efficacy in diabetic
retinopathy (DR) stage detection. The CNN model
demonstrated a promising accuracy of 87% on the test set,
showcasing its capability to learn and generalize well from
the DRIVE and STARE datasets. However, the Inception
V3 model surpassed this, achieving an impressive accuracy
of 92%. This heightened accuracy can be attributed to
Inception V3’s more complex and deeper architecture,
which allows for a more nuanced understanding of the
intricate features present in retinal images indicative of
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various DR stages. Furthermore, when evaluating the
models based on precision, recall, and F1-score, Inception
V3 consistently outperformed the CNN model across all
metrics, further establishing its superiority in this specific
application.

Fig 8: Project Execution using Command Prompt

The computational efficiency of both models was
another critical aspect of the evaluation. Despite its deeper
architecture, Inception V3’s optimization for performance
allowed it to process images at a comparable speed to the
CNN model, thanks to the utilization of transfer learning
and pre-trained weights. This efficiency underscores the
practicality of employing more sophisticated models like
Inception V3 in real-world settings where rapid and
accurate diagnostic results are crucial. Additionally, the
analysis of confusion matrices for both models revealed a
higher precision in classifying more advanced stages of DR
by Inception V3, indicating its potential in aiding early
detection and prevention of progression towards blindness.

Diabetic Retinopathy

Enter your usemame:

Enter your password

Fig 9: User Interface
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The results underscore the pivotal role of advanced
deep learning models in enhancing the diagnostic process
for diabetic retinopathy. Inception V3’s superior
performance highlights the benefits of leveraging complex
architectures and transfer learning for medical image
analysis. This study not only confirms the feasibility of
automating DR stage detection but also opens avenues for
further research into optimizing such models for clinical
applications. The discussion around computational
efficiency versus model complexity presents a valuable
insight for future developments, emphasizing the
importance of balancing these aspects to create scalable,
accurate, and user-friendly diagnostic tools. The success of
Inception V3 in this study advocates for a broader adoption
of Al in ophthalmology, potentially transforming patient
outcomes through early detection and intervention.

Diabetic Retinop

your reort s label : 2 class : Moderate
N Enter your username:

@l Enter your password:

w
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Fig 10: DR Stage Prediction and Retina Examination
VII. CONCLUSION

The research project embarked on an ambitious
journey to harness the power of Convolutional Neural
Networks (CNN) and the Inception V3 model for the
automated detection and classification of diabetic
retinopathy stages from fundus images. Through rigorous
experimentation and analysis, the project successfully
demonstrated the viability of using advanced deep learning
techniques to significantly enhance the diagnostic process
for this prevalent condition. The Inception V3 model, in
particular, showcased superior performance in accurately
identifying the stages of diabetic retinopathy, achieving a
commendable accuracy rate that underscores the potential
of integrating artificial intelligence into the realm of
ophthalmological diagnostics.

The findings from this study illuminate a path forward
for the medical community, where Al-driven diagnostic
tools could become a standard part of ophthalmic care.
Such tools promise to improve patient outcomes through
early detection and timely intervention, mitigating the risk
of progression to blindness among individuals with diabetic

WWW.ijisrt.com 931


https://doi.org/10.38124/ijisrt/IJISRT24APR704
http://www.ijisrt.com/

Volume 9, Issue 4, April — 2024
ISSN No:-2456-2165

retinopathy. Moreover, the study highlights the importance
of continued exploration into optimizing deep learning
models  for  healthcare  applications,  balancing
computational efficiency with diagnostic accuracy to
ensure these technologies can be deployed effectively in
clinical settings.

In conclusion, this project not only contributes to the
growing body of evidence supporting the use of Al in
medicine but also serves as a call to action for further
interdisciplinary research. By fostering collaborations
between the fields of computer science, ophthalmology,
and data analytics, we can continue to refine and develop
Al solutions that address the complex challenges of
diagnosing and managing diabetic retinopathy and other
visually impairing conditions. As we move forward, it is
crucial to engage in ethical considerations and ensure
equitable access to these technologies, paving the way for a
future where Al enhances healthcare delivery for all.
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