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Abstract: This study introduces AnarMitra, a mobile application designed to revolutionize pomegranate cultivation practices.
AnarMitra employs machine learning algorithms to swiftly assess ripeness levels and detect prevalent diseases in pomegranates,
such as bacterial blight and fungal infections. Utilizing smartphone cameras, farmers can effortlessly capture images for
immediate feedback on fruit quality and health. The paper details AnarMitra's development process, including model training
with diverse datasets and algorithmic methodologies for classification and disease detection. Field trials validate AnarMitra's
efficacy in enhancing productivity and fostering sustainable agricultural practices, empowering farmers with timely insights for
informed decision-making and crop management.
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L. INTRODUCTION

Pomegranates, celebrated for their delicious flavor and abundant health benefits, are cultivated globally, yet growers often face
challenges such as unpredictable ripening patterns and disease prevalence. Accurate assessment of fruit ripeness and timely disease
detection are crucial for ensuring high-quality yields and minimizing crop losses. Traditional methods for evaluating pomegranate
ripeness and identifying diseases are labor-intensive, subjective, and prone to errors. Hence, there is a pressing need for innovative
technologies to streamline these processes and provide reliable insights to farmers. Addressing this need, we introduce AnarMitra, an
advanced mobile application utilizing convolutional neural network (CNN) technology to revolutionize pomegranate farming
practices. AnarMitra offers a novel approach to ripeness assessment and disease detection, empowering growers to make informed
decisions in real time and optimize their farming operations.
In this paper, we introduce AnarMitra, a mobile application poised to transform the pomegranate industry by addressing significant
challenges faced by growers. We emphasize the importance of pomegranates as a valuable crop and the obstacles encountered in
effective orchard management. Leveraging CNN technology, we discuss the efficiency, accuracy, and scalability advantages of
AnarMitra for ripeness assessment and disease detection in agriculture. Key features such as a user-friendly interface and integration
with smartphone cameras are highlighted. Through field trials and performance evaluations, we demonstrate AnarMitra’s
effectiveness in accurately assessing ripeness levels and identifying diseases. Overall, AnarMitra emerges as a transformative tool
for enhancing productivity, sustainability, and profitability in pomegranate cultivation, bridging the gap between technology and
agriculture in the digital era.

1. WEB APPLICATION
A. Architecture
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Fig.1. Proposed System Architecture.
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B. User Interface (Ul)

1) Front End Development

HTML templates define the structure and user interface elements for this web app, while CSS stylesheets provide design and layout.

JavaScript functions enable interactivity, enhancing the user experience.

a) Landing Page: It’s The landing page serves as an introduction to the application, highlighting its purpose which is detecting
pomegranate diseases and ripeness. It provides easy navigation for users with buttons that direct them to disease and ripeness
detection sections, as well as a feature for live ripeness detection using a webcam.
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Fig.2 Landing Page

b) Disease and Ripeness Detection Page: This system implements a two-pronged approach for pomegranate analysis: real-time
video capture and static image upload. The real-time component utilizes webcam integration and YOLO object detection for
identifying pomegranates within the live video feed. Subsequently, bounding boxes and ripeness labels are overlaid on the
detected pomegranates. This enables efficient analysis of multiple pomegranates in real-time. For static image analysis, users
can upload an image of a pomegranate. The system displays the uploaded image and provides predictions on both ripeness stage
and any detected disease. Additionally, informative details about the identified disease are presented to the user. This
comprehensive solution offers a user-friendly and informative platform for pomegranate analysis.
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Fig.4. Ripeness Detection Page (AnarMitra App)
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2) Backend Development (Flask)

The web application’s core functionalities are implemented in its Flask backend. It includes model loading for pre-trained
TensorFlow models used in disease classification and ripeness prediction, assuming these models are stored in the model directory.
Image preprocessing functions are defined to handle user-uploaded images by resizing them to fit the model's input requirements
and normalizing pixel values if needed. Prediction functions are developed for disease and ripeness prediction using the loaded
models. The backend also defines various routes for different application functionalities, such as rendering the main landing page,
directing users to disease and ripeness detection, handling image uploads and predictions, and live ripeness detection using a
webcam. Finally, result processing and rendering combine predicted disease and ripeness.

3) Routing

The backend defines various routes to manage different functionalities of the application. Examples of these routes are
e / Renders the main landing page.

o / Predict: Directs users to the disease and ripeness detection page.

e /Predict_datapoint: Handles image upload, prediction, and result rendering.

o /Ripeness: Renders the page for live ripeness detection using a webcam.

C. CNN Model Performance Analysis

Our study conducts a performance analysis of a Convolutional Neural Network (CNN) model trained to classify pomegranate

ripeness stages. The CNN is trained on a dataset comprising images of pomegranates at different ripeness stages. Through rigorous

evaluation using standard metrics such as accuracy, precision, recall, and F1 score, we assess the model's effectiveness in accurately

categorizing pomegranates into ripe, unripe, and overripe stages. Additionally, we investigate the model's robustness to variations in

lighting conditions, angles, and backgrounds commonly encountered in real-world scenarios. The findings from this analysis

provide valuable insights into the CNN's performance and its potential applications in agricultural settings for automated ripeness

assessment of pomegranates.

1) Growth Stage Classification Model

a) Precision Recall Curve: For CNN models in classification tasks, particularly those with imbalanced data, the precision-recall
curve (PRC) is a key evaluation metric. Unlike overall accuracy, PRC focuses on the model's ability to correctly identify the
positive class, which is crucial when that class is rare or critical. By visualizing the trade-off between precision and recall, PRC
helps you understand how confident the model is in its positive predictions and how well it finds all positive cases. This is
especially important in imbalanced datasets where high accuracy might be misleading. In short, PRC offers a clearer picture of
the model's performance in identifying the positive class, often more valuable than overall accuracy in specific applications.

Precision-Recall Curve
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Fig.5 Precision Recall Curve

b) F1-Confidence Curve: Fl-confidence curve of our meticulously engineered Convolutional Neural Network (CNN) model,
tailored for the discernment of pomegranate growth stages, assumes paramount significance. This graphical representation not
only elucidates the intricate dynamic between precision and recall metrics across a spectrum of confidence thresholds but also
underscores its pivotal role in assessing and refining the efficacy of our model. By offering a nuanced depiction of the model's
performance characteristics, the F1-confidence curve becomes instrumental in informing strategic decisions pertaining to
threshold selection, thereby enhancing the precision and recall balance critical for accurate growth stage classification in
pomegranates.
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Fig. 6. F1 confidence-curve

c) Confusion Matrix: In our research, the confusion matrix of our carefully crafted CNN model for pomegranate growth stage
classification is really important. It's like a map showing how well our model is doing at classifying different stages of growth.
By looking at this map, we can see where the model is getting things right and where it might be making mistakes. This helps
us figure out what we need to tweak to make the model even better at telling apart the different stages of pomegranate growth.

Confusion Matrix

Fig.7 Confusion Matrix

2) Disease Classification Model

a) Training and Validation Accuracy: We scrutinized both validation and training accuracies, pivotal for gauging model
performance and generalization. High training accuracy signals effective learning from training data. Validation accuracy,
assessed on new data, reflects the model's ability to generalize and classify diseases accurately. This validation accuracy is
crucial for affirming the model's reliability in real-world scenarios. Our findings affirm the CNN's robustness in distinguishing
between different diseases on pomegranate plants.
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Fig.8. Training and Validation Accuracy
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b) Confusion Matrix: CNN-based disease detection in pomegranates relies on the confusion matrix to assess model performance
across five disease classes. This matrix offers a detailed breakdown of predictions versus ground truth labels, revealing
classification accuracy and areas of improvement. Through meticulous analysis, we identify challenging disease classes and
refine our model accordingly, enhancing diagnostic accuracy by leveraging insights from the confusion matrix, our CNN
architecture evolves to provide reliable disease detection tools for farmers. This advancement in precision agriculture facilitates
early disease intervention, minimizing crop losses and promoting sustainable farming practices.

Pomegranate Disease Prediction Confusion Matrix

Actual Class

Predicted Class

Fig.9 Confusion Matrix

c) Precision, Recall & F1-Score: Convolutional Neural Network (CNN) model, the evaluation of Precision, Recall, and F1-Score
is a critical benchmarking tool. By meticulously analysing these metrics, we ascertain the model's capacity to accurately
identify diseased pomegranate fruits amidst varying environmental conditions and disease severities. This evaluation
framework validates our CNN architecture's efficacy and underscores its practical utility in agricultural settings. Our findings
contribute to the advancement of CNN-based applications in agriculture and hold significant promise in revolutionizing disease
management strategies and empowering farmers with timely and precise interventions to safeguard pomegranate yields.
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Fig.10. F1-Score

1. CONCLUSION

In conclusion, our research demonstrates the effectiveness of utilizing a Convolutional Neural Network (CNN) model for the
detection of pomegranate fruit diseases. Through rigorous evaluation using metrics such as Precision, Recall, and F1-Score, we have
confirmed the model's ability to accurately identify diseased pomegranate fruits across diverse conditions. This validation
underscores the practical applicability of CNN technology in agricultural contexts, offering farmers a powerful tool for early disease
detection and crop management. By harnessing the capabilities of CNN-based systems, we pave the way for more efficient and
precise interventions in disease management, ultimately leading to improved yields and sustainability in pomegranate cultivation.
Our findings highlight the potential of CNN models to revolutionize agricultural practices and contribute to the global effort towards
food security and agricultural sustainability.
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