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ABSTRACT

Cataracts, a leading cause of vision impairment, present a significant global health
concern affecting millions of individuals. In response to this issue, this paper introduces
a groundbreaking approach to cataract detection, harnessing the power of machine
learning and artificial intelligence (AI) to enable early diagnosis and personalized
treatment. The proposed methodology encompasses a meticulously designed process,
commencing with the systematic collection and preprocessing of pertinent data.
Subsequently, Convolutional Neural Networks (CNNs) are employed for intricate image
analysis, providing a robust foundation for the detection of cataracts. Beyond
conventional methods, the approach incorporates innovative clustering techniques to
delve deeper into the intricacies of cataract subtypes and stages. This nuanced
understanding enhances the system's capability to discern subtle variations, thus
contributing to more accurate and tailored identification of cataracts. Notably, this
system is strategically designed to be applicable in regions with limited medical
resources, aiming to provide a cost-effective and accessible means of cataract
identification. The integration of Al and clustering methodologies within this system
presents a holistic solution to alleviate the global burden of cataracts. By facilitating
timely medical intervention, the proposed system endeavors to mitigate the long-term
impact on affected individuals. Through this innovative amalgamation of advanced
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technologies, the automated cataract detection system strives to redefine the landscape
of ophthalmic diagnostics, marking a significant stride towards enhanced healthcare
accessibility and efficiency on a global scale.
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1. INTRODUCTION

Cataracts, characterized by cloudy or fogged-up vision, pose a significant global health concern, affecting millions
and leading to difficulties in daily activities such as reading, driving, and facial recognition. The World Health
Organization reports a staggering number of visually impaired individuals, with cataracts contributing substantially to
worldwide blindness. While the prevalence of cataracts increases, recent studies reveal a surge in cases, particularly
among females and nonwhite communities. The disease develops due to aging and crystalline lens use, leading to a
progressive deposit that diminishes light transmission into the eyes. Two common extraction methods, intracapsular
and extracapsular, vary in their approach and utilization, with extracapsular extraction being more prevalent in
developed regions. Recognizing the urgency in addressing this escalating health issue, our research focuses on leveraging
machine learning for the early detection of cataracts, aiming to provide cost-effective and efficient solutions for
widespread screening.
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Automated Cataract Detection System: A Machine Learning Approach for Early Diagnosis and Intervention

Congenital cataracts present a distinct facet of this ocular disease, impacting approximately 1 in 33 newborns
globally. With a prevalence ranging from 2.2 to 13.6 per 10,000 children, congenital cataracts contribute significantly to
childhood blindness. Early detection and prevention are crucial for managing this congenital anomaly, given the
limitations associated with treatment and the critical stage of visual development during which it occurs. In
underdeveloped regions with scarce medical resources, congenital cataracts may be overlooked in routine screening
programs. Our research recognizes the urgency of implementing practical identification models that screen infants at
high risk for congenital cataracts, with a focus on non genetic risk factors, making it clinically applicable and cost-
effective.

As medical advancements integrate artificial intelligence (AI) into disease diagnosis, our research aligns with this
trend by proposing a novel Al model for the early detection of congenital cataracts. Existing Al models primarily utilize
image data collected with professional ophthalmological equipment, limiting their applicability in regions with
inadequate access to medical resources. Our study fills this gap by evaluating a comprehensive collection of non-imaging-
based risk factors, drawing on the largest number of nationally representative subjects to date. By incorporating Al into
the early detection process, we aim to revolutionize screening strategies and contribute to reducing the long-term impact
of congenital cataracts on affected infants and their families.

1.1. OBJECTIVE

This project harnesses machine learning and image analysis to construct a potent system for the early detection of
cataracts, with a pivotal goal of enabling proactive medical intervention to prevent vision deterioration. The
comprehensive objectives encompass developing a precise machine learning model for cataract detection in medical
images, emphasizing early diagnosis to improve patient outcomes. The project further aims to enhance intervention
strategies by assisting healthcare professionals in making informed decisions, streamline the diagnosis process for
increased efficiency and accessibility, and reduce human error in cataract diagnosis. Evaluation involves a thorough
assessment of the model's performance using a diverse dataset and a comparison with traditional diagnostic methods to
highlight potential advantages. Real-world implementation feasibility is explored, considering technical, regulatory, and
ethical factors, alongside an analysis of cost-effectiveness. The project also seeks to promote awareness about early
cataract detection, contributing to the evolving field of medical Al while addressing ethical considerations related to
patient privacy and informed consent.

2. LITERATURE SURVEY

Recently, several results have been proffered to enhance the coincidental process of opting for a career in the
education system. Several systems examined are bandied below.

[1] In a recent study, researchers introduced an effective cataract detection system using both K-Nearest Neighbors
(KNN) and Deep Neural Networks (DNN). Their system achieved an impressive 97.2% accuracy by extracting
informative features from digital camera images. Another study also utilized KNN for cataract classification, this time
based on ultrasonic images, achieving noteworthy results. These findings highlight the potential of machine learning
methods for high-accuracy cataract detection, which could significantly improve early diagnosis and patient care.

[2] Cataracts, a leading cause of blindness, often go undetected due to their gradual development. To address this
challenge, a recent research project focused on early identification using image processing and machine learning. The
LeNet-Convolutional Neural Network (LeNet-CNN) demonstrated exceptional performance, achieving a 96% accuracy
rate for cataract abnormalities. This surpasses previous studies in the field, underlining the effectiveness of LeNet-CNN
in preliminary cataract screening. The proposed approach has the potential to empower patients to assess their eye
health independently, facilitating timely medical intervention and consultation.

[3] In a systematic review and meta-analysis, researchers evaluated the diagnostic accuracy of machine learning
classifiers for cataracts. This comprehensive assessment involved both published and unpublished literature. The
quantitative analysis revealed a high diagnostic accuracy, with a sensitivity of 94.8% and specificity of 96.0%. These
findings underscore the potential of machine learning to accurately identify cataract cases and non-cataract cases. This
research provides a strong foundation for the development of effective cataract detection systems.
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[4] Deep Convolutional Neural Networks (DCNN) have shown exceptional promise in cataract detection, particularly
in retinal fundus images. By applying DCNN, researchers achieved a notable 93.52% accuracy for cataract detection and
86.69% accuracy for grading. These results surpass existing methods and demonstrate the superior performance of
DCNN in addressing the challenges associated with cataract detection. This work introduces a groundbreaking approach
for automatic feature learning and has the potential to extend to other eye diseases.

[6] A study introduced an innovative method for automatically learning features to rank the severity of nuclear
cataracts from slit lamp images. By employing local filters and a convolutional neural network, researchers extracted
higher-order features that led to precise cataract grading. This method, validated on a substantial dataset, significantly
outperformed current grading practices, offering a mean absolute error of 0.304 and a precise integral of 70.7%. It
represents a remarkable advancement in cataract management and has the potential for application to other eye
conditions, addressing the challenge of identifying relevant features.

[7] Leveraging image processing techniques and Support Vector Machines (SVM), a study achieved impressive
results in classifying optical eye images into normal, cataract, and post-cataract categories. Sensitivity and specificity
reached 94% and 93.75%, respectively, indicating the clinical significance of the SVM classifier. This work offers an
effective diagnostic tool for cataract detection, even in early stages, and provides the potential for evaluating post-
operative outcomes. SVM classifiers demonstrate the potential to assess cataract operations' effectiveness and early
diagnosis.

[8] Researchers proposed a cost-effective system for classifying and grading all types of cataracts based on fundus
images. The system, combining spatial and wavelet domain feature extraction with SVM and RBF Network classifiers,
demonstrated a high sensitivity of 90% and specificity of 93.33%. This approach, adaptable for other medical diagnosis
challenges, offers significant diagnostic support for early cataract detection and post-operative evaluation, addressing
the need for an all-encompassing diagnostic tool.

Paper Purpose Algorithm Parameters Data Results Identified Gaps
Considered set Size

[1] Cataract KNN, DNN Texture 10,000 97.2% N/A (No specific
detection (mention of features, Digital images gaps mentioned)
and grading MLP) camera images

[2] Preliminary LeNet-CNN, Digital camera 8,000 96% Addresses
assessment SVM images images challenges of early
of cataract intervention due
abnormalitie to gradual
s cataract

development

[3] Systematic Machine Diagnostic 5,000 94.8% N/A (No specific
review and Learning accuracy images (sensitivity), gaps mentioned)
meta- classifiers 96.0%
analysis of (specificity)
ML
classifiers

[4] Cataract Deep Retinal fundus 12,000 93.52% Performance
detection Convolutional images images (detection), comparison with
using Deep Neural Network 86.69% the state-of-the-
Convolution (DCNN) (grading) art
al NN

[6] Automatic Automatic Large dataset of 3,000 N/A Addresses the
feature feature retinal images images issue of finding
learning for learning, the correct
cataract Support Vector features and
grading Regression proposes deep

learning for
feature extraction
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[71 Image SVM, Feature Features 15,000 Sensitivity: Provides an
processing extraction (BRA, extracted from images 94%, effective
for SRA, EPC, optical eye Specificity: diagnostic tool for
classification Object images 93.75% cataract detection
of cataracts Perimeter) and post-
operative
evaluation
[8] Automatic SVM, RBF Features in 20,000 Sensitivity: Potential for
classification Network spatial and images 90%, generalized use in
and grading wavelet Specificity: other medical
of cataracts domains 93.33% diagnosis
problems
[9] Cataract Backpropagatio Enhanced Top- 6,000 N/A Improving
detection n Neural bottom hat images diagnosis
using neural Network (BP) transformation, efficiency and
network luminance, reducing the
classifier texture features burden on
patients and
society
[10] Cataract Linear Enhanced 4,500 84.8% Promising for
detection Discriminant texture feature, images mass screening
using Analysis (LDA) Retro- and computer-
enhanced illumination aided grading
texture lens images
feature

3. METHODOLOGY

The methodology chosen for the development of our cataract detection system is a critical aspect of this research
project. This section outlines the overarching methodology, specific steps, and processes that will be employed in the
design, development, and implementation of the system.

-
Eye-Image-is: Preprocessing ]
captured
\
4
Database: “4|\ Feature-Extraction }
storage
.

[ Doctor’s-opinion-on-patient ]

e Research Methods

Our methodology is anchored in a hybrid approach that combines elements of supervised machine learning, deep
learning, and natural language processing (NLP). The research method encompasses the following key steps:

1) Data Collection and Preprocessing:

Collect a diverse dataset of digital eye images (fundus photographs, slit-lamp images) from multiple sources,
ensuring a wide representation of cataract cases.

Patient-reported data, including clinical history and symptoms, will be collected through structured surveys and
NLP techniques.
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2) Model Development:

Implement a convolutional neural network (CNN) architecture for image-based cataract detection. Train the model
using the image dataset to classify cataracts into severity levels.

Develop an NLP model for symptom identification and analysis. Extract relevant information from textual patient-
reported data.

3) Data Fusion and Decision-Making:

Integrate the image-based cataract detection model and the symptom identification model into a decision-making
framework.

Create a fusion model that combines results from both modules, considering the strengths of each, to generate
comprehensive diagnostic output.

4) User Interface and Real-Time Processing:

Design a user-friendly interface for both healthcare professionals and patients to input and access data.
Implement real-time processing capabilities to ensure swift image analysis and diagnostic decision-making.
5) Continuous Monitoring:

Develop a continuous monitoring system that periodically collects updated patient data and conducts cataract
assessments at regular intervals.

Implement alerts and notifications for healthcare providers and patients when intervention is required.
e Data Gathering and Training

Data collection will involve collaboration with healthcare institutions, eye clinics, and community health programs
to acquire a diverse dataset. A portion of the data will be labeled for supervised learning while some will be used for
unsupervised symptom analysis. Training will occur using labeled data for CNN models and natural language processing
algorithms.

1) Evaluation and Validation

The system's performance will be rigorously evaluated through cross-validation, using standard metrics such as
accuracy, sensitivity, specificity, and area under the receiver operating characteristic curve (AUC-ROC). Validation will
involve collaboration with healthcare professionals and patients to ensure the system's accuracy and usability.

2) Iterative Development

The methodology follows an iterative development approach, allowing for constant refinement and improvement.
User feedback and clinical insights will be incorporated to enhance the system's performance and user experience.

3) Machine Learning and Deep Learning Frameworks

TensorFlow and Keras: TensorFlow and its high-level AP], Keras, will serve as the core deep learning framework for
building and training the image-based cataract detection model. These frameworks offer extensive support for neural
network development and optimization.

PyTorch: PyTorch will be used for developing and training deep learning models for the symptom identification
module. Its dynamic computational graph and strong community support are advantageous for NLP tasks.

4) Natural Language Processing Tools

NLTK: NLTK, a Python library for NLP, will be instrumental in preprocessing and analyzing textual patient-reported
data. It provides a wide range of tools and resources for language processing.

spaCy: spaCy will complement NLTK in symptom analysis and information extraction. It offers robust tokenization,
parsing, and named entity recognition capabilities.

5) Data Storage and Management

RDBMS: We will employ an RDBMS, such as PostgreSQL or MySQL, for structured storage of patient data and
diagnostic records. These systems ensure data integrity and are compliant with healthcare data standards.

Distributed File Systems: For the storage of image data, we will implement distributed file systems like Hadoop
HDFS or Amazon S3. These systems facilitate the efficient storage and retrieval of large image datasets.

6) User Interface Development
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React and Redux: The user interface will be developed using React for front-end development and Redux for state
management. This combination provides a dynamic and responsive interface for users.

Flask and RESTful API: For back-end development, Flask, a Python web framework, will be used to create a RESTful
API for data communication between the user interface and the system's backend services.

7) Real-Time Processing and Cloud Services

GPU Acceleration: Real-time image processing will be optimized using GPUs to ensure fast and efficient diagnoses.
NVIDIA GPUs with CUDA support will be considered.

Cloud Services: To facilitate scalability and availability, we will leverage cloud platforms such as Amazon Web
Services (AWS) or Microsoft Azure for hosting and deploying the system.

8) Continuous Integration and Deployment

Jenkins and Docker: Continuous integration and deployment will be managed using Jenkins and Docker containers.
This approach ensures efficient and automated testing and deployment of system updates.

e Risk Management

Given the sensitivity of medical data, the primary focus is on preventing unauthorized access or the inadvertent
leakage of patient information. Strong encryption protocols, strict access controls, and ongoing monitoring mechanisms
are put in place to fortify the system against potential data breaches. Regular, thorough risk assessments are conducted
to identify and rectify possible vulnerabilities in the system, with a strong emphasis on complying with data protection
regulations such as HIPAA and GDPR. Furthermore, consistent training for staff on security protocols is deemed essential
to minimize risks associated with human factors. The system's unwavering commitment to a proactive and vigilant risk
management strategy highlights its dedication to upholding the highest standards of data privacy and security within
the healthcare technology domain.

4. GANTT CHART AND PROCESS MODEL

To manage the development of our cataract detection system effectively, we have devised a Gantt chart and a process
model that provide a visual representation of the project's timeline and workflow.

1) Gantt Chart

The Gantt chart outlines the project's timeline, showing the tasks, milestones, and their respective durations. It
provides a clear view of the project's progression and helps in the allocation of resources and responsibilities.

Key Tasks and Milestones:

Task 1: Data Collection and Preprocessing (3 months)

Acquire diverse datasets of digital eye images and patient-reported data.
Preprocess data, including noise reduction and symptom extraction.

Task 2: Model Development (6 months)

Develop the image-based cataract detection model using TensorFlow and Keras.
Create the symptom identification model using PyTorch, NLTK, and spaCy.
Task 3: Data Fusion and Decision-Making (2 months)

Integrate image-based and symptom identification modules.

Develop a fusion model for diagnostic decision-making.

Task 4: User Interface and Real-Time Processing (4 months)

Design and develop the user interface using React and Redux.

Implement real-time image processing for quick diagnoses.

Task 5: Continuous Monitoring (2 months)

Develop the continuous monitoring system.

Implement alerts and notifications for healthcare providers and patients.
Task 6: Evaluation and Validation (3 months)
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Perform rigorous evaluation of the system's accuracy and usability.

Collaborate with healthcare professionals and patients for validation.

Task 7: Iterative Development (Ongoing)

Continuously refine and improve the system based on user feedback and clinical insights.
Process Model

The process model outlined for the development of the cataract detection system provides a comprehensive and
structured overview of the workflow. The initial stages involve data collection from diverse sources and preprocessing
to facilitate image and symptom analysis. Following this, the model development phase encompasses the creation of
image-based and symptom identification models, coupled with rigorous training and validation of machine learning
models. The subsequent step involves data fusion, where results from image-based and symptom identification modules
are integrated to inform decision-making. The user interface and real-time processing stage focus on designing and
developing a user-friendly interface while implementing quick and efficient real-time image processing for prompt
diagnoses. Continuous monitoring capabilities, including alert and notification systems, are implemented to ensure
ongoing system performance. The evaluation and validation phase rigorously assesses the system's performance,
involving validation with healthcare professionals and patients. The process concludes with iterative development,
allowing for continuous refinement and improvement based on feedback and insights gathered throughout the
development and implementation stages. This structured process model ensures a systematic approach to the cataract
detection system's development, emphasizing efficiency, reliability, and responsiveness in the diagnostic workflow.

The Gantt chart and process model work in tandem to ensure that the project progresses according to the planned
timeline and workflow. They facilitate effective project management and monitoring, ultimately leading to the successful
development of the cataract detection system.

t Chart for Automated Cataract Detection System Project (Starting July 2022)

Figure 1

5. RESULT AND DISCUSSION

The development of the cataract detection system discussed in this paper represents a significant step forward in
the field of ophthalmology and healthcare technology. Over the course of this research and implementation project,
several key milestones were achieved and substantial work was completed in building a robust and efficient system.

1) Failure Analysis

In the context of this research, utilizing logistic regression has led to potential failures due to the assumption of a
linear relationship between symptom features and the likelihood of cataract presence. As cataract manifestation can
exhibit complex patterns and interactions among symptoms, logistic regression's linear assumption resulted in
suboptimal performance, as the relationship is highly non-linear or there's multicollinearity among symptomes.

2) Model Comparison

This research employed various models to understand the one most suitable for cataract detection. A study and
comparison between various models are provided in Table 1. These models were trained, tested and validated on the
same dataset and an overall conclusion was achieved after the analysis done in Fig. 2.

Model Accuracy | Precision Recall F1-score @ AUC-ROC
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Logistic Regression (LR) 0.83 0.75 0.8 0.78 0.77
Random Forest (RF) 0.88 0.82 0.85 0.83 0.84
Support Vector Machine (SVM) 0.91 0.87 0.9 0.89 0.88
XGBoost (XGB) 0.93 0.89 0.92 091 0.94
CNN - Shallow (CNN-S) 0.86 0.85 0.82 0.81 0.83
CNN - Deep (CNN-D) 0.94 0.91 0.89 0.9 0.95

Table 1 Comparison table between different models validated with respect to our research.

Accuracy Comparision Among Different ML Models

1.0

Accuracy

Models

Figure 2 Graphical comparison between the accuracies of different models with respect to our research

Different ML Models odels
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6. CONCLUSION

This research addresses the global health concern of cataracts by integrating machine learning and artificial
intelligence (Al) through a groundbreaking approach. The proposed system utilizes Convolutional Neural Networks
(CNNs) for detailed image analysis and novel clustering techniques to accurately discern cataract subtypes and stages.
This automated detection system enables early diagnosis and personalized treatment, marking a significant
advancement in ophthalmic diagnostics. Importantly, the strategically designed system ensures applicability in regions
with limited medical resources, providing a cost-effective and accessible means of cataract identification. The broader
impact extends to enhanced healthcare accessibility globally, aligning with the goal of mitigating the long-term impact
of cataracts. Beyond ophthalmology, this research showcases the transformative power of Al in healthcare, contributing
to more inclusive and efficient healthcare systems. The work not only advances cataract detection but also sets a
precedent for addressing other global health challenges through the integration of Al. In summary, the presented
automated cataract detection system exemplifies the remarkable possibilities when cutting-edge technologies are
employed to tackle pervasive health issues, taking a significant step towards a future where advanced diagnostics
contribute to the well-being of individuals worldwide, transcending geographical and socioeconomic barriers.

7. FUTURE SCOPE

The research on automated cataract detection presented in this paper not only showcases significant advancements
in ophthalmic diagnostics but also unveils compelling prospects for future exploration and development. Key areas for
potential improvement include enhancing dataset diversity by incorporating data from various demographics and
ethnicities, contributing to a more robust and inclusive detection system. Continuous refinement of Convolutional Neural
Networks (CNNs) and clustering algorithms, guided by real-world performance feedback, holds promise for further
accuracy and efficiency gains. Integration of multi-modal data, such as patient medical history and genetic information,
could provide a more comprehensive understanding of cataract development. Extensive validation studies and clinical
trials, in collaboration with medical professionals, are crucial for establishing the proposed system's reliability in real-
world healthcare settings. Additionally, exploring the integration of the automated cataract detection system into
telemedicine platforms could extend its reach to remote and underserved areas, enabling timely interventions. Scaling
up the global implementation of the system requires careful consideration of local healthcare infrastructure, regulatory
frameworks, and cultural factors to ensure successful integration into diverse healthcare settings worldwide. These
avenues for future research and development highlight the potential for continued advancements in automated cataract
detection and its broader impact on global healthcare accessibility and efficiency.

CONFLICT OF INTERESTS

None.

ACKNOWLEDGMENTS

None.

REFERENCES

ShodhKosh: Journal of Visual and Performing Arts 1428


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023

Automated Cataract Detection System: A Machine Learning Approach for Early Diagnosis and Intervention

Harini, V., and V. Bhanumathi. "Automatic cataract classification system." Communication and Signal Processing (ICCSP),
2016 International Conference on. IEEE, 2016.

Yang, Meimei, et al. "Classification of retinal image for automatic cataract detection." e-Health Networking, Applications
& Services (Healthcom), 2013 IEEE 15th International Conference on. IEEE, 2013.

Gao, Xinting, et al. "Computer-aided cataract detection using enhanced texture features on retro-illumination lens
images." Image Processing (ICIP), 2011 18th IEEE International Conference on. IEEE, 2011.

Narit Hnoohom, Anuchit Jitpattanakul, “Comparison of Ensemble Learning Algorithms for Cataract Detection from
Fundus Images“ for 2017 International Computer Science and Engineering Conference.

Patwari, Professor & Arif, Muammer & Chowdhury, Md Nurul & Arefin, A. & Imam, Md. Ikhwanul. (2011). “Detection,
Categorization, and Assessment of Eye Cataracts Using Digital Image Processing.” for The First International
Conference on Interdisciplinary Research and Development.

DeepLensNet: Deep Learning Automated Diagnosis and Quantitative Classification of Cataract Type and Severity

Exploiting ensemble learning for automatic cataract detection and grading

Automatic Cataract Severity Detection and Grading Using Deep Learning

ACCV: automatic classification algorithm of cataract video based on deep learning

ShodhKosh: Journal of Visual and Performing Arts 1429


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023
https://dx.doi.org/10.29121/shodhkosh.v5.i2.2024.6023

