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Abstract

Cataracts, characterized by dense cloudy areas in the eye’s lens, afflict more than 50% of elderly
individuals, leading to impaired vision and potential blindness. Detecting cataracts at an early stage is
crucial to facilitate simpler treatments, as neglecting the condition may necessitate complex eye
surgery. To address this issue, we are creating a predictive system that identifies cataract disease by
analyzing user-provided eye features. To achieve this, we leverage OpenCV, a Python library offering
a range of image processing and feature extraction capabilities. Our approach incorporates machine
learning classification techniques such as support vector machines, random forest, logistic regression,
and K-nearest neighbors to construct a robust predictive model. The overarching objective of this
project is to develop a dependable and precise tool for the early detection and prediction of cataract
disease. This tool holds the potential to enhance patient outcomes and reduce healthcare
expenses significantly.

Keywords: Cataract, machine learning, classification, support vector machine (SVM), K-nearest
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INTRODUCTION

The human eyes are undeniably among the most vital sensory organs, facilitating a multitude of
essential functions in our daily lives. Maintaining good vision is paramount for various aspects, ranging
from professional pursuits and educational endeavors to simple tasks like mobility and overall quality
of life. Unfortunately, cataracts are a prevalent eye ailment that poses a significant threat to
visual clarity.

Cataracts manifest as a clouding of the eye’s lens, resulting in a range of visual impairments.
Individuals afflicted with cataracts often experience symptoms such as blurry vision, sensitivity to glare,
and diminished color perception. These symptoms
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can have a profound impact on an individual’s
ability to perform routine tasks and engage fully in
life’s activities. What makes cataracts particularly
concerning is their potential to progress if left
untreated. As the condition advances, the clouding
of the lens intensifies, further compromising vision
quality. Ultimately, if cataracts are not addressed in
a timely manner, they can lead to complete
blindness, which is not only distressing for affected
individuals but also places an increased burden on
healthcare systems and resources.

Given the far-reaching consequences of cataracts,
early detection and intervention are crucial. This is
precisely where innovative technologies like the
predictive system we are developing come into

© STM Journals 2023. All Rights Reserved


mailto:ramanakancharapu@rguktsklm.ac.in

Machine Learning Based Early Cataract Detection Ramana et al.

play. By harnessing the power of machine learning and image analysis, our project aims to offer a
reliable and accurate tool for the early identification and prediction of cataract disease. Such a tool not
only holds the promise of enhancing patient outcomes but also stands to reduce the economic strain
associated with advanced cataract treatments and surgeries. In essence, our endeavor seeks to safeguard
the precious gift of sight, empowering individuals to lead fulfilling lives with unimpaired vision.

Traditional methods of cataract detection involve manual examination by ophthalmologists, which
can be time-consuming and costly. Additionally, the availability of trained ophthalmologists may be
limited in some regions, leading to delayed or missed diagnosis. Thus, the problem statement is to
develop a more efficient and accurate method for cataract detection using machine learning, which can
reduce the burden on healthcare systems and improve accessibility to early detection of cataracts. The
goal is to create a system that can automatically detect cataracts from images.

LITERATURE REVIEW

Cataracts, a prevalent eye condition leading to cloudy lenses and visual impairments, have prompted
extensive research into early detection methods using machine learning and deep learning techniques.
In this review, we explore two noteworthy implementations of cataract disease prediction and feature
extraction methods.

Tasin and Habib [1] introduced a novel approach for computer-aided cataract detection using the
random forest classifier. Their study employed two distinct texture features: gray-level co-occurrence
matrix (GLCM) and histogram texture. These features were extracted from ocular images, facilitating
the automatic identification of cataracts. By leveraging the random forest classifier, their model
demonstrated promising results in cataract detection.

The article “Machine Learning for Cataract Classification/Grading on Ophthalmic Imaging
Modalities: A Survey” by Zhang et al. [2], provides a comprehensive examination of the intersection
between machine learning and cataract detection within the field of ophthalmology. It underscores the
promise of machine learning in revolutionizing cataract diagnosis and management while
acknowledging the need for continued research and development in this critical area of healthcare.

The article “Systematic Literature Review: Detecting Cataract with Deep Learning” Masruroh et al.
[3] provides a systematic and critical assessment of the state of the art in machine learning applications
for cataract screening. It underscores the progress made in this field and the potential for machine
learning to play a pivotal role in improving cataract diagnosis and patient care. The article also
emphasizes the importance of addressing the challenges and promoting further research in this
important domain of ophthalmology.

The article “Hidden Neuron Analysis for Detection Cataract Disease Based on Gray Level Co-
occurrence Matrix and Back Propagation Neural Network” by Mulati et al. [4] uses GLCM and back
propagation neural network for detecting cataract. Another significant contribution to the field comes
from research that combines the GLCM as a feature extraction method with the back-propagation neural
network (BPNN) for classification. This approach achieved an impressive accuracy rate of 0.824.

The utilization of GLCM for feature extraction underscores its importance in cataract detection
research. Building on the insights gained from the aforementioned references, our research endeavors
to create a comprehensive cataract prediction model from Ramanathan et al. [5], Zhang et al. [6], and
others. Leveraging knowledge regarding GLCM and its effectiveness in feature extraction, our model
incorporates three distinct machine learning algorithms: support vector machine (SVM), K-nearest
neighbor (KNN), and random forest classifier. By combining these techniques, we aim to enhance the
accuracy and robustness of our predictive model for early cataract detection.
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MACHINE LEARNING

Machine learning, an integral subset of artificial intelligence (Al), focuses on the development of
algorithms and models that enable computers to learn and make predictions or decisions without explicit
programming. It operates on the fundamental principle that systems can acquire knowledge from data
and adapt to improve their performance progressively. At its core, machine learning empowers
computers to automatically analyze and decipher intricate data patterns, unveiling concealed insights
and facilitating accurate predictions and decisions. This is achieved through the application of statistical
techniques, mathematical algorithms, and computational models, transforming computer systems into
adept problem solvers and task performers.

Machine learning encompasses various approaches, including supervised learning, unsupervised
learning, and reinforcement learning. In supervised learning, algorithms glean knowledge from labeled
examples to classify or predict outcomes. Unsupervised learning, on the other hand, uncovers hidden
structures or patterns within unlabeled data. Reinforcement learning concentrates on training algorithms
to make decisions by interacting with their environment and receiving feedback in the form of rewards
or penalties.

The practical applications of machine learning span a wide array of fields, ranging from image and
speech recognition to natural language processing, recommendation systems, fraud detection,
autonomous vehicles, healthcare, finance, and beyond. The transformative impact of machine learning
on these domains cannot be overstated. The efficacy of machine learning is contingent upon several
factors, including the quality of the data employed, adept feature engineering, judicious algorithm
selection, and an ongoing process of model evaluation and refinement. As technology advances and
data availability surges, machine learning continues to evolve, continually pushing the boundaries of
what computers can achieve. It reshapes our interactions with technology and the world, ushering in a
new era of intelligent computing.

The success of machine learning relies on high-quality data, features, engineering, appropriate
algorithm selection, and continuous model evaluation and refinement. As technology advances, and
more data becomes available, machine learning continues to evolve, but pushing the boundaries of what
computers can achieve and transforming the way we interact with technology and the world around us.

Machine learning algorithms that are used while developing this model are:
1. Support vector machine
2. K-nearest neighbor
3. Random forest classifier

Support Vector Machine

Support vector machine (SVM) is a powerful supervised machine learning algorithm primarily used
for classification tasks. It identifies a hyperplane that best separates data into different classes while
maximizing the margin (distance) between the hyperplane and the nearest data points, known as support
vectors. SVM can handle both linear and non-linear classification problems by using appropriate kernel
functions. Its robustness against overfitting, effectiveness in high-dimensional spaces, and wide-ranging
applications in fields like text classification, image recognition, and medical diagnosis make it a popular
choice in machine learning, although careful parameter tuning, and computational complexity
consideration are essential in its implementation.

The objective of the SVM algorithm is to establish an optimal decision boundary, often referred to
as a hyperplane, capable of effectively partitioning an n-dimensional space into distinct classes [7]. This
discerning hyperplane plays a pivotal role in classifying new data points accurately in future instances.
Within this context, the data points or vectors exerting the most influence on the positioning of the
hyperplane are termed "support vectors." These vectors are aptly named because they provide crucial
support to the hyperplane in its classification task. In the case of a basic linear SVM classifier, the
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approach involves creating a straight line that demarcates two classes. This means that all data points
residing on one side of the line are associated with one category, while those on the opposite side find
themselves in a different category. This fundamental mechanism underscores the simplicity and
effectiveness of linear SVMs in binary classification tasks as shown in Figure 1.

K-Nearest Neighbor

K-nearest neighbors (KNN) regression is a supervised machine learning algorithm employed for
regression tasks, aiming to predict continuous numerical outputs. Its core principle involves considering
the ‘K’ closest data points (neighbors) in the feature space to make predictions [8]. By calculating the
average (or weighted average) of the target values among these neighbors, KNN regression estimates
the target value for a new data point. This algorithm is non-parametric, accommodating complex
relationships in data, but it requires careful selection of ‘K’ to balance bias and variance. Scaling
features, handling high dimensions, and utilizing appropriate distance metrics are considerations when
implementing KNN regression, which finds applications in diverse fields, including recommendation
systems, price prediction, and environmental modeling, among others. Evaluation metrics like mean
absolute error (MAE), mean squared error (MSE), and R-squared (R?) assess its predictive performance
as shown in Figure 2.

1. Step 1: Select the number K of the neighbors

2. Step 2: Calculate the Euclidean distance of K number of neighbors

Support
@ vectors

Support
vectors

Figure 2. K-nearest neighbors.
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3. Step 3: Take the K nearest neighbors as per the calculated Euclidean distance.

4. Step 4: Among these K neighbors, count the number of data points in each category.

5. Step 5: Assign the new data points to that category for which the number of the neighbor is
maximum.

Random Forest Classifier

Random forest is a powerful ensemble learning algorithm widely used in both classification and
regression tasks. It operates by constructing a multitude of decision trees during training and combines
their predictions to make more accurate and robust forecasts [9]. Each tree is built using a random subset
of the training data and a random subset of features, which introduces diversity and reduces overfitting.
During prediction, random forest aggregates the results from individual trees through voting (for
classification) or averaging (for regression), resulting in a more stable and accurate outcome. Its ability
to handle high-dimensional data, identify feature importance, and offer resistance to overfitting has
made random forest a popular choice in various applications, including image classification, fraud
detection, and healthcare diagnostics as shown in Figure 3.

Leveraging historical data and the information provided, we will integrate three distinct algorithms
to forecast their respective outputs. Notably, this model does not adhere to a single fixed algorithm.
Instead, it dynamically adapts to the specific input, basing its conclusion on the collective consensus of
the algorithms utilized. Consequently, the output will be predicted accordingly.

As indicated in Figure 4, we are in the process of developing a novel ensemble model for image
prediction. Importantly, this model does not rely solely on majority voting. Instead, it dynamically
selects the appropriate algorithm based on the characteristics of the input image to make predictions.

Decision Tree-1 Decision Tree-2 Decision Tree-N
Result-1 Result-2 Result-N

L»{ Majority Voting / Averaging

Final Result

Figure 3. Random forest classifier.

Algorithm1->True

Algorithm2->False » True

Algorithm3->True

Figure 4. Novel ensemble model for image prediction.
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METHODOLOGY

We have collected the data from two different sets (eye_disease_classification and cataract dataset)
The first dataset consists of 1074 normal eye images and 936 cataract eye images, and the second dataset
consists of 300 normal eye images and 100 cataract eye images. We have combined these two datasets
to obtain our final dataset for the project. For extracting the features from the image first we convert the
RGB color image into gray color image and then we apply adaptive threshold.

To enhance the quality of our image data, it is imperative to differentiate between the background
and foreground components [10]. This segregation is essential for subsequent feature extraction, where
we aim to isolate the relevant portions to input into the graycomatrix function for further analysis. This
function, an integral part of the scikit-image library, is extensively utilized for a wide range of image
processing tasks. Specifically, graycomatrix computes the GLCM for an image, enabling us to extract
intricate patterns and relationships within the image. To extract meaningful information from the
GLCM, we employ the graycoprops function from the same library. Graycoprops is instrumental in
computing various properties of the GLCM, including contrast, dissimilarity, homogeneity, energy,
correlation, and angular second moment (ASM), which serve as crucial indicators of texture and
structure within the image as shown in Figure 5.

The training phase of our model encompasses the crucial task of hyperparameter tuning. This process
entails selecting the optimal hyperparameters that influence the learning algorithm’s performance to
yield the most accurate results. To achieve this, we furnish these carefully chosen hyperparameter
values as parameters to our machine learning algorithms, namely SVM, KNN, and random forest
classifier. By doing so, we ensure that our model is primed to provide highly accurate results. These
algorithms process the input image and generate respective outputs. Subsequently, we aggregate the
outputs produced by these three algorithms and consider the result that emerges with the highest
frequency, ensuring robust and dependable predictions.

RESULTS

This project uses the maximum number of images which were used to train the model in order to
increase the accuracy of the prediction model by combing different datasets. Figure 6 provides the
results of the model.

- o ‘- o

Extracted Features

. . Support Vector Machine Dissimilarity
Support Vector Machine Choosmg. cificient K-Nearest Neighbour i Homogeneity
K-Nearest Neighbour Algorithms Random Forest Classifier | 4 Taining the Model Contrast
Random Forest Classifier Logistic Regression Energy
Naive Bayes Classification ASM
Correlation

Predicted Label

Figure 5. Step-by-step procedure of proposed model.
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CATARACT Disease Prediction

Choose Input Image

Drag and drop file here
Limit 200MB per file

Browse files

1451.jpg 19.2KB X

Predict

The Predicted Output for image is Cataract
Figure 6. Output for cataract image.

This serves as the dedicated front end for inspecting the outcomes of the corresponding inputs. Within
our model, the standard procedures include RGB to grayscale image conversion, fine-tuning image
thresholds, feature extraction, and customary model training, mirroring practices common to all models.
However, what sets our model apart is its distinctive data preprocessing procedures and the generation
of a conditionally adaptive model. This distinguishes our approach as an unprecedented and remarkably
flexible algorithm, hitherto unseen in its class.

CONCLUSION

In this paper, we have introduced a predictive modeling approach for the early detection of cataracts
using machine learning techniques. Initially, we curated a dataset comprising fundus images of cataract
cases, which underwent a series of steps including rearrangement, preprocessing, and augmentation to
enhance the dataset’s quality, thus preparing it for training machine learning models. Subsequently, the
preprocessed data was subjected to feature extraction, where we identified and extracted the pertinent
features essential for model development. Our ensemble model was developed by three machine
learning algorithms, namely SVM, (KNN, and random forest classifier. Consequently, these algorithms
were employed to predict the status of input images, and the final label assigned to the input image was
determined by the majority consensus among the predictions generated by these algorithms.
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