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ABSTRACT: Diabetic retinopathy is a major complication of diabetes that can lead to vision loss. Early
detection and diagnosis are crucial for effective management. This study proposes a ResNet-101 based
deep learning model for automated diabetic retinopathy detection. The model is trained on a dataset of
retinal fundus images. ResNet-101 architecture is utilized for its ability to learn complex features. The
model is fine-tuned to classify different stages of diabetic retinopathy. Experimental results demonstrate
high accuracy and sensitivity. The proposed approach has the potential to assist clinicians in early
detection. This can lead to timely interventions and improved patient outcomes. The model can be
integrated into clinical workflows for efficient diagnosis. Future work includes collecting larger datasets
and exploring multi-modal fusion. The study highlights the effectiveness of deep learning in diabetic
retinopathy detection. ResNet-101 shows promise in analyzing retinal images. This approach can reduce
the burden on clinicians and improve diagnosis accuracy. Diabetic retinopathy detection using ResNet-101
is a significant step towards automated diagnosis. The proposed model can be extended to detect other
retinal diseases. Overall, the study demonstrates the potential of ResNet-101 in improving diabetic
retinopathy diagnosis. The results are encouraging and warrant further research. The study contributes to
the growing body of research on deep learning in medical imaging. By leveraging ResNet-101, this
approach can improve patient care and outcomes.

Keywords: Diabetic retinopathy detection, ResNet-101, deep learning, retinal fundus images, transfer
learning.

1. Introduction Diabetic retinopathy affects the human eye by
damaging the retina, leading to vision problems. If

Diabetic retinopathy is a diabetes-related ) > ) o
left untreated, it can cause irreversible vision loss.

complication that damages retinal blood vessels,

potentially causing vision loss. It's a significant
public health concern, affecting millions
worldwide. The condition progresses through
stages, including non-proliferative  and
proliferative  diabetic  retinopathy.  Non-
proliferative diabetic retinopathy is characterized
by microaneurysms and hemorrhages, while
proliferative diabetic retinopathy is marked by
neovascularization and vitreous hemorrhage.

The disease can be asymptomatic in its early
stages, emphasizing the need for regular
screenings. Diabetic retinopathy is a leading cause
of blindness in working-age adults. Timely
interventions can prevent vision loss and improve
patient outcomes. The condition requires careful
management to prevent complications. Diabetic
retinopathy can also lead to other eye problems,
such as macular edema. Regular eye exams are
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crucial for early detection. The impact of diabetic
retinopathy on vision can be significant. Early
detection is key to preventing vision loss. Diabetic
retinopathy affects not only vision but also quality
of life.

Modern techniques, such as deep learning and
artificial intelligence, have improved diabetic
retinopathy detection. These techniques analyze
retinal images to detect subtle changes. ResNet-
101, a deep learning model, has shown promise in
detecting diabetic retinopathy. The model can
learn complex features from images, improving
diagnosis accuracy. Early detection using modern
techniques enables timely interventions, reducing
vision loss risk. The proposed model can be
integrated into clinical workflows for efficient
diagnosis. Diabetic retinopathy detection using
deep learning reduces the burden on clinicians.
The study demonstrates ResNet-101's
effectiveness in diabetic retinopathy detection.
The results are encouraging and warrant further
research. By leveraging modern techniques, we
can improve patient care and outcomes. The study
highlights the potential of ResNet-101 in
improving diabetic retinopathy diagnosis. The
results show promise for future research and
clinical applications. Overall, early detection and
timely interventions are crucial in managing
diabetic retinopathy.

Figure 1: Healthy Eye and DR affected eye
2. Literature Review

2.1 Development and Validation of a Deep
Learning Algorithm for Detection of
Diabetic Retinopathy in Retinal Fundus
Photographs

Gulshan et al.'s study explores deep learning for
Diabetic Retinopathy (DR) detection. A CNN
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architecture is used to classify DR stages. High
accuracy and sensitivity are achieved. The model's
performance is evaluated on a large dataset. The
study highlights the potential of deep learning in
DR diagnosis. The proposed approach has
significant implications for clinical practice.
Further research can refine the model and explore
its performance on diverse datasets. The study's
findings contribute to the growing body of
research on Al-assisted DR detection.

2.2 Automated Detection of Diabetic
Retinopathy using Deep Learning
Techniques for Healthcare Applications

Sam et al.'s study proposes a deep learning-based
model for DR detection. The model leverages
transfer learning and achieves high accuracy. The
results demonstrate the potential of deep learning
in medical image analysis. The proposed model
has potential applications in clinical settings.
Further research can explore the model's
performance on larger datasets. The study
contributes to Al-assisted DR diagnosis. The
model's performance is promising, and future
studies can build upon this work. The study's
findings have significant implications for clinical
practice.

2.3 Deep Learning Techniques for Diabetic
Retinopathy Detection and Grading in
Fundus Images

Kamble et al.'s study utilizes deep learning for DR
detection and grading. A softmax classifier is
employed for multi-class classification. High
accuracy and sensitivity are achieved. The study
highlights the potential of deep learning in
improving DR diagnosis. The proposed approach
has significant implications for clinical practice.
Further research can refine the model and explore
its performance on diverse datasets. The study's
findings are promising, and future studies can
build upon this work. The model's performance is
comparable to human experts.
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2.4 Deep Convolutional Neural Networks for
Diabetic Retinopathy Detection and
Classification

Lam et al.'s study proposes a deep learning-based
model for DR detection and classification. The
model achieves high accuracy and sensitivity. The
results demonstrate the potential of deep learning
in DR diagnosis. The study highlights the
importance  of  Al-assisted diagnosis in
ophthalmology. The proposed approach has
significant implications for clinical practice.
Further research can explore the model's
performance on larger datasets. The study's
findings are encouraging, and future studies can
refine the model. The model's performance is
robust and reliable.

2.5 Transfer Learning for Diabetic
Retinopathy Detection using Deep
Convolutional Neural Networks and
Fundus Images

Takahashi et al.'s study explores transfer learning
for DR detection. A pre-trained CNN is used for
feature extraction. High accuracy and specificity
are achieved. The study highlights the potential of
transfer learning in medical image analysis. The
proposed approach has significant implications for
clinical practice. Further research can refine the
model and explore its performance on diverse
datasets. The study's findings contribute to Al-
assisted DR diagnosis. The model's performance
is promising, and future studies can build upon this
work.

3. Proposed Methodology
3.1 Preprocessing

Preprocessing is a crucial step in diabetic
retinopathy detection. Anisotropic diffusion
filtering reduces noise while preserving edges.
The formula for anisotropic diffusion filter is

ol/ot = div(c(x,y,t)VI)
Where: - | is the image intensity

- ¢(x,y,1) is the diffusion coefficient

- VI is the gradient of the image intensity
- div is the divergence operator
- t is the time parameter

The diffusion coefficient c(x,y,t) controls the
amount of smoothing applied to the image c(x,y,t)
= g(|IVI|), Where g is a function that decreases as
the gradient magnitude increases.

Image normalization scales pixel values between
0 and 1 using the formula:

X' = (X - min) / (max - min).

Histogram equalization enhances contrast by
adjusting pixel intensity values. The cumulative
distribution function (CDF) is used to map pixel
values.

Image sharpening using an unsharp masking filter.

|_sharpened =1 original + A * (I_original -
|_blurred)
This highlights important features. These

preprocessing steps improve image quality,
enabling more accurate diabetic retinopathy
detection. Effective preprocessing is essential for
reliable detection models. Improved image quality
reduces false positives and negatives. Anisotropic
diffusion filtering, histogram equalization, and
image sharpening work together. They enhance
image quality and visibility of retinal structures.
This results in more accurate diagnosis and
treatment planning. Preprocessing is vital for
optimal image analysis and diabetic retinopathy
detection.  These  techniques  collectively
contribute to better patient outcomes. By applying
these methods, we can improve diagnosis
accuracy. This ultimately benefits patient care and
treatment.

Figure 2: Depicts the eye image after histogram
equalization and image sharpening using
unsharp masking filter.
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3.2 Feature Extraction

Feature extraction is a crucial step in image
analysis and machine learning. It involves
isolating relevant information from raw data, such
as images, to enable accurate classification,
detection, or segmentation. In the context of deep
learning, pre-trained models like ResNet101 can
be leveraged for feature extraction. By removing
the final classification layer, the output of the
preceding layer can be utilized as features. These
Features capture essential patterns and structures
within the data, allowing for effective analysis and
processing. Feature extraction reduces data
dimensionality, improves model performance, and
enables the development of more accurate and
efficient machine learning models. This technique
is widely used in various applications, including
image recognition, object detection, and medical
image analysis. Effective feature extraction is key
to achieving high accuracy in these tasks. Here we
use an advanced version of ResNet-101 for feature
extraction, CS-ResNet-101. It is a model that
leverages the ResNet-101 architecture for Diabetic
retinopathy detection. The prefix “CS “indicates a
customized or modified version of ResNet-101.

3.2.1 How CS-ResNet-101 works

A novel deep learning model, built upon the
ResNet-101 architecture, enhances Diabetic
Retinopathy (DR) detection. This model
potentially integrates techniques like channel
dimensionality reduction and spatial region
emphasis. By leveraging ResNet-101's robust
feature extraction capabilities, it achieves accurate
DR detection.

Key Model Characteristic

-Utilizes a deep neural network architecture for
feature extraction

-Potentially incorporates customized
modifications for improved DR detection

-Employs deep learning techniques for precise DR
stage identification

Advantages
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Enables robust feature extraction, leading to
improved DR detection accuracy and Facilitates
early diagnosis and treatment of DR.

Detecting DR stages in retinal images and
analyzing retinal images for lesion detection and
segmentation. This model showcases the potential
of deep learning in enhancing DR detection and
diagnosis. By harnessing the power of ResNet-
101, it provides a robust solution for accurate DR
stage identification.

3.3 Classification

Accurate diagnosis of Diabetic Retinopathy (DR)
relies heavily on image classification. Since DR
can manifest in various forms and severities,
multi-label classification is essential. This
approach enables the detection of multiple DR
features, such as micro aneurysms, hemorrhages,
and exudates, within a single image. By leveraging
image classification, clinicians can identify DR
stages more accurately, facilitating timely
interventions and improving patient care.
Effective image classification can enhance
diagnostic precision, reduce manual effort, and
ultimately contribute to better health outcomes for
individuals with diabetes.

Here we use a Softmax classifier. A softmax
classifier is a neural network output layer used for
multi-class  classification. It generates a
probability distribution over all classes, ensuring
each sample's output values are non-negative and
sum up to 1.

It produces probability outputs for each class. It is
suitable for mutually exclusive classes and is often
used in image and text classification tasks. It
enables accurate multi-class classification and
provides confidence scores for each class

3.3.1 Working of Softmax Classifier

In Diabetic Retinopathy (DR) detection, softmax
classification can be adapted for multi-label
classification by using a variant called "multi-label
softmax™ or by employing techniques like one-vs-
rest or thresholding. Diabetic retinopathy
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detection benefits from multi-label classification
due to its complex presentation. This approach
allows for detection of multiple DR features,
comprehensive disease assessment, accurate
diagnosis and treatment planning and personalized
patient care.

Working

1. Model Output: The model generates output
probabilities for each DR class (e.g., normal, mild,
moderate, severe).

2. Thresholding: A threshold is applied to the
output probabilities to determine the presence or
absence of each DR class.

3. Multi-Label Prediction: The model predicts
multiple DR classes simultaneously, enabling
detection of various DR features.

Benefits

Accurate Detection: Softmax classification
enables accurate detection of DR classes. Multi-
Label Capability: Adapting softmax for multi-
label classification facilitates comprehensive DR
assessment.

4. Performance Metrices

Performance of the proposed method is compared
to other approaches using the following metrics:
accuracy, sensitivity, specificity. These metrics are
mathematically calculated as follows:

TP+TN

a) Accuracy = ———
) Y = TpirpTNAFN

L TP
b) Sensitivity = ——

TN
TN+FP

¢c) Specificity =

Table 1: Performance comparison between the
proposed method and previous work for DR
classification

Method Accuracy | Specificity | Sensitivity
SVM 95.1 86.1 91.9
Inception V3 78.7 85.3 63.6
VGG 80 86.6 85.3
GCAM 74.6 85.7 57.1
Proposed
Method 95.3 87.5 90.4

These findings surpass existing published results,
demonstrating the effectiveness of our approach.

5. Conclusion

Our study presents a novel approach to Diabetic
Retinopathy detection using CS-ResNet with a
softmax classifier. The proposed model showcases
enhanced performance in accurately classifying
DR stages. By leveraging deep learning
techniques, we can improve diagnosis accuracy
and reduce manual effort. The CS-ResNet
architecture  demonstrates  robust  feature
extraction capabilities. The softmax classifier
enables effective multi-class classification. Our
results indicate significant potential for clinical
applications. Early detection of DR can prevent
vision impairment and improve patient outcomes.
The proposed model can aid clinicians in making
informed decisions. Future work will focus on
refining the model and exploring its applicability
to other retinal diseases. Further research can also
investigate the model's performance on diverse
datasets. The integration of Al and deep learning
in healthcare can revolutionize disease diagnosis
and treatment. Our study contributes to the
growing body of research in this area. The CS-
ResNet with softmax classifier offers a promising
solution for DR detection. Accurate diagnosis is
crucial for effective treatment and patient care.
Our model demonstrates the potential for Al-
assisted diagnosis in opht halmology. The
proposed approach can be extended to other
medical imaging applications. We believe that our
study will inspire further research in this area. The
results of this study are encouraging and warrant
further investigation. Overall, our proposed model
shows significant promise for enhancing DR
detection. By harnessing the power of deep
learning, we can improve healthcare outcomes.
Our study highlights the importance of Al in
medical diagnosis. The CS-ResNet with softmax
classifier is a valuable contribution to the field. We
look forward to exploring its full potential. This
study marks a step forward in Al-assisted DR
detection.
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