© OCT 2023 | IRE Journals | Volume 7 Issue 4 | ISSN: 2456-8880

Prediction of Glaucoma Using Convolutional Neural
Network

KAVYASRI P P!, AKALYAA S2, AANANDHAVARSINI M3
! Electronics and Communication Engineering, Bannari Amman institute of technology, Tamil Nadu,

India

2 Information Technology, Bannari Amman institute of technology, Tamil Nadu, India
® Computer Science and Engineering, Bannari Amman institute of technology, Tamil Nadu, India

Abstract- Glaucoma, a leading cause of irreversible
vision loss, poses a significant public health
challenge worldwide. Early detection and timely
intervention are crucial in managing this disease
effectively. This study presents an innovative
approach for the prediction of glaucoma using
Convolutional Neural Networks (CNNs), a deep
learning technique well-suited for image analysis
tasks. This paper contributes to the development of
non-invasive, cost-effective, and scalable tools for
early glaucoma detection, enabling healthcare
professionals to identify at-risk patients and initiate
appropriate interventions promptly. The integration
of deep learning techniques, particularly CNNs,
showcases the potentialfor artificial intelligence in
improving the diagnosis and management of
glaucoma,ultimately preserving precious vision and
enhancing the quality of life for affected individuals.
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I INTRODUCTION

Convolutional neural networks (CNNs) have emerged
as a revolutionary tool in the field of healthcare,
offering immense potential for improving diagnosis
and treatment outcomes. These complex computational
models are designed to mimic the human visual
system, allowing them to analyze and interpret medical
images with astonishing precision and efficiency. By
harnessing the power of CNNs, healthcare
professionals can unlock new avenues for early
detection and prediction of diseases such as glaucoma.
The ability of CNNs to identify intricate patterns within
medical images holds tremendous promise for the field
of ophthalmology. With their sophisticated algorithms,

IRE 1705161

ICONIC RESEARCH AND ENGINEERING JOURNALS

they can detect subtle changes in optic nerve
morphology or retinal structure that may indicate the
presence of glaucoma. This not only enables clinicians
to make more accurate diagnoses but also empowers
them to intervene at earlier stages of the disease, when
interventions are most effective. By leveraging CNN
technology, healthcare providers can revolutionize
glaucoma management and make significant strides
towards preserving vision for countless individuals
worldwide. The intricacies of glaucoma detection lie in
analyzing various diagnostic parameters such as optic
disc morphology, retinal nerve fiber layer thickness,
and cup-to-disc ratio. Traditional methods often rely on
manual assessment by trained professionals, making
them time-consuming and prone to human error.
However, CNNs offer a new ray of hope by automating
and enhancing the detection process.

1. EASE OF USE

a. PROBLEM DEFINITION

Glaucoma, a leading cause of irreversible vision loss,
poses a significant publichealth challenge worldwide.
Early detection and timely intervention are crucial in
managing this disease effectively.

b. AIM OF THE PROJECT

The objectives encompass several key aspects of the
research. Firstly,they involve gaining insights into the
model's architecture, the particular algorithms and
methods applied, and their application in the context of
detecting glaucoma. Additionally, the objectives
encompass an examination of the dataset utilized,
which in this instance is the ORIGA dataset. This
involves comprehendingthe dataset's characteristics,
including its size, diversity, and relevance to the
glaucoma detection problem.
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. HOW PREDICTION OF GLAUCOMA WORKS

Dataset Image: This step involves gathering a
dataset of retinal images, which includes both
normal retinal images and images from individuals
with glaucoma.

Image Preprocessing: Before feeding the data into
the CNN model, preprocessing steps are applied,
which may include image enhancement, resizing,
and standardization. Data augmentation (e.g.,
rotation, flipping) can be applied to increase dataset
diversity.

OpenCV: OpenCV is used for various image
preprocessing tasks:

Load and Preprocess Retinal Images: OpenCV is
employed to load and preprocess the retinal images,
ensuring they are in a suitable format for further
analysis.

Image Enhancement (OpenCV Filters): OpenCV
filters and techniques, such as contrast
enhancement or denoising, may be applied to
improve image quality.

Segmentation (if needed): OpenCV can be used for
segmenting specific regions of interest, such as the
optic disc or cup in retinal images.

Resize and Standardize (OpenCV): OpenCV can be
used to resize images to a consistent resolution and
standardize their format for compatibility with the
CNN.

Convolution: A CNN architecture is established for
glaucoma prediction, consisting of various layers,
including convolutional layers. Convolutional
Layers - These layers are responsible for feature
extraction from the pre processed retinal images.
They consist of multiple filters (kernels) that
perform the convolution operation on the input
images.

Pooling layer: The pooling layer, such as Max
Pooling, is an optional component following the
convolutional layers. It reduces the spatial
dimensions of the feature maps, helping to decrease
the model's computational complexity and enhance
translational invariance. Pooling layers select the
maximum (or average) value from a local region of
the feature map and down sample it. This operation
retains essential features while reducing the data's
spatial size.
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Flatten layer: After the convolutional and optional
pooling layers, the Flatten layer is used to convert
the two-dimensional feature maps into a one-
dimensional vector. This flattening process
prepares the data for input into the fully connected
layers.

Fully Connected Layers: Fully connected layers
follow the Flatten layer and play a crucial role in
aggregating and processing the flattened features.
Each neuron in these layers is connected to every
neuron in the previous layer. This allows the
network to learn complex relationships between
features and perform high-level feature extraction.
Activation functions (e.g., ReLU) introduce non-
linearity into the model.

Model Training: Model training involves feeding
the preprocessed and transformed data through the
CNN. During training, the network adjusts its
weights using optimization algorithms to minimize
a loss function. This process continues iteratively
until the model's performance on the training data
reaches a satisfactory level.

I, WORK AND IMPLEMENTATION

. Proposed Work Modules in Training Python File:

. Import Libraries: Import necessary libraries and

dependencies, including Keras, OpenCV, NumPy,
scikit-learn, and others.

. Constants: Define constants such as the number of

training epochs ((EPOCHS") and the dimensions
of input images (IMAGE_DIMS").

. Data Preparation:

Load a dataset of eye images from a specified
directory (*/content/drive/MyDrive/glaucoma
dataset’).

Shuffle the image paths randomly.

Initialize empty lists for storing image data (‘data’)
and corresponding labels ("labels’).

. Image Loading and Labeling:

Iterate through each image path in the dataset.
Load and resize the image to the specified
dimensions ((IMAGE_DIMS").

Convert the image to an array format suitable for
model input.

Extract labels from the image path, splitting by
directory separators and Underscores.
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e Use a MultiLabelBinarizer to transform the labels
into binary format.

Print information about the dataset and classes.

5. Train-Test Split: Split the dataset into training and
testing sets using scikit-learn's “train_test_split’
function.

6. CNN Model Architecture:

e Create a Sequential model.

¢ Add convolutional layers with activation functions
(ReLU) and max-pooling layers.

o Flatten the output for dense layers.

e Add fully connected dense layers with a final
sigmoid activation for binary classification.

7. Model Compilation: Compile the model with
binary cross-entropy loss and the SGD optimizer.

8. Model Training: Train the model on the training
data using “model.fit", specifying the number of
epochs and batch size. Store the training history in
“hist™.

9. Model Evaluation:

o Evaluate the model's performance on the test data
using ‘model.evaluate’.

e Save the trained model to a file named
"TRAINING_EXPERIENCE.h5" using
“model.save’.

e Save the MultiLabelBinarizer to a file named
"MLB.PICKLE" using “pickle".

10. Metrics  Calculation: ~ Calculate  additional
evaluation metrics such as precision, recall, F1-
score, specificity, and sensitivity using scikit-
learn's functions and confusion matrix.

11.TensorFlow Version: Print the TensorFlow
version.

B. Proposed Work Modules in Testing Python File:

1. Import Libraries: Import necessary libraries,
including Keras, OpenCV, NumPy, Pillow (PIL),
tkinter, and others.

2. GUI Setup:

e Create a tkinter root window for the GUI
application.

e Set the window title, size, and resizable properties.

3. Load Trained Model: Load a pre-trained deep

learning model for glaucoma detection from the

"TRAINING_EXPERIENCE.h5" file using Keras'

“load_model” function.

e
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5. Load MultiLabelBinarizer (mlb): Load the
MultiLabelBinarizer (mlb) object used for label
encoding from the "mlb.pickle" file using “pickle’
for deserialization.

6. Image Selection Function (select_image):

e When a user clicks the "Select an image" button,
this function is triggered.

e It opens a file dialog that allows the user to choose
an image file.

e Once an image is selected, it reads and resizes the
image to the specified dimensions (96x96 pixels).

e The image is preprocessed by converting it to a
float and scaling its values between 0 and 1.

e The preprocessed image is passed through the
loaded deep learning model to make predictions.

e The predictions are processed to determine the
class label and confidence score.

e The class label and confidence score are displayed
on the image using OpenCV, and the image is
shown in a new window.

7. Button Creation (btn):

e A button labeled "Select an image" is created, and
its command is set to execute the “select_image’
function when clicked.

e The button is added to the GUI window.

8. GUI Main Loop: The script enters the main loop,
allowing the GUI to respond to user interactions.

When the user clicks the "Select an image" button, the
script opens a file dialog, lets the user choose an
image, and then uses the loaded model to predict
whether the image contains signs of glaucoma. The
results (class label and confidence score) are displayed
on the image, which is shown in a new window.

The GUI provides a user-friendly interface for running
glaucoma detection on individual images using the
trained deep learning model.

CONCLUSION

APPLICATIONS:

The application of Convolutional Neural Networks
(CNNs) in predicting glaucoma detection represents a
significant advancement in ophthalmology and
healthcare.
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This innovative approach offers a powerful tool for
early diagnosis and management of glaucoma, a major
cause of irreversible vision loss.

Early Detection: CNNs have shown exceptional
accuracy, sensitivity, and specificity in identifying
glaucoma at an early stage, often before noticeable
symptoms appear. This early detection is crucial for
timely intervention and effective management of the
disease.

Cost-Efficiency: By enabling early intervention, CNN-
based glaucoma prediction can lead to significant cost
savings in healthcare. Preventing the progression of
glaucoma reduces the need for expensive treatments,
surgeries, and rehabilitative care associated with
advanced stages of the disease.

Improved Patient Outcomes: Timely intervention
resulting from CNN predictions can lead to improved
patient outcomes. Preserving visual function enhances
patients' quality of life, reduces disability, and allows
them to remain productive members of society.

Interpretability: The incorporation of attention
mechanisms within CNNs enhances interpretability by
providing insights into the regions of interest within
retinal images that contribute to the glaucoma
prediction. This helps clinicians understand the basis
for predictions and assists in identifying areas for
further examination or treatment.

Scalability: CNN models can be scaled to serve a large
and diverse population, making early glaucoma
detection accessible to a broader range of patients. This
scalability is crucial in addressing the global
prevalence of glaucoma.

Ethical Considerations: Ethical considerations, such as
transparency in  model development, providing
explanations for predictions, and maintaining the role
of healthcare professionals in decision-making, are
essential as Al technologies like CNNs are integrated
into clinical practice.

CONCLUSION

In conclusion, the application of Convolutional Neural
Networks (CNNs) for glaucoma detection represents a
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transformative leap in ophthalmology and healthcare.
This innovative technology offers the promise of early
diagnosis, improved patient outcomes, and substantial
cost savings in healthcare systems. However, as we
move forward, it is imperative to ensure ethical
deployment, interpretability, and accessibility, forging
a path towards a future where CNNs play a pivotal role
in reducing glaucoma-related vision loss and
enhancing the overall well-being of countless
individuals worldwide.
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