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Introduction
Motivation: Rice is a major crop in India, but it is affected by various diseases that reduce yield and quality.
Objective: To develop a novel method for rice leaf disease classification using Vulture-based Auto-Metric Graph Neural Network (VAGNN).
Challenges: Existing methods based on machine learning or deep learning have low accuracy, high computation time, or require manual feature extraction.
Literature Review
Previous Works: Review some of the existing methods for rice leaf disease classification, such as SVM, CNN, DNN, etc. and their limitations.
Proposed Method: Introduce the main components of the proposed VAGNN method, such as image pre-processing, image segmentation, and image classification2.
Image Pre-processing
Purpose: To enhance the quality of the input rice leaf images by removing noise, blurring, and low contrast.
Method: Apply Anisotropic Diffusion Filter Based Unsharp Masking and Crispening (ADF-USMC) to the input images3.
Advantages: ADF-USMC can preserve the edges and details of the images while reducing the noise and enhancing the contrast.
Image Segmentation
Purpose: To extract the regions of interest (ROI) from the pre-processed images that indicate the presence of disease.
Method: Apply Bayesian Fuzzy Clustering (BFC) to the pre-processed images.
Advantages: BFC can handle the uncertainty and ambiguity of the image pixels and cluster them into different classes based on their similarity.
Image Classification
Purpose: To classify the segmented images into four types of rice leaf diseases: bacterial blight, blast, brown spot, and tungro45.
Method: Apply Vulture-based Auto-metric Graph Neural Network (VAGNN) to the segmented images.
Advantages: VAGNN can learn the features and labels of the images automatically using a meta-learning approach and optimize the parameters using a vulture optimization algorithm.
Vulture Optimization Algorithm
Inspiration: Based on the foraging behavior of vultures, which are scavenging birds that can locate and exploit food sources efficiently.
Process: Initialize a population of vultures, each representing a possible solution. Evaluate the fitness of each vulture using a predefined objective function. Update the position and velocity of each vulture using four phases: search, chase, circle, and attack. Repeat until the termination criterion is met.

Auto-Metric Graph Neural Network
Structure: A graph-based neural network that can learn the features and labels of the nodes (images) using a self-supervised learning approach.
Process: Initialize the graph structure, the layer structure, and the loss function6. Sample a small graph from the training set and use it as the input. Propagate the features and labels of the nodes through the layers using an auto-metric function. Update the weights of the network using a gradient descent algorithm. Repeat until the convergence criterion is met.
Experimental Setup
Dataset: Rice Leaf Disease Image Samples dataset, which contains 5932 images of rice leaves with four types of diseases7.
Evaluation Metrics: Accuracy, sensitivity, specificity, precision, recall, F1-score, and computation time8.
Comparison Methods: SVM, CNN, DNN, DNN-CSA, and AGNN.
Experimental Results - Accuracy
Table: Show the accuracy of the proposed VAGNN method and the comparison methods for each type of disease and the overall accuracy.
Analysis: The proposed VAGNN method achieves the highest accuracy for all types of diseases and the overall accuracy, compared to the other methods.
Experimental Results - Other Metrics
Table: Show the sensitivity, specificity, precision, recall, and F1-score of the proposed VAGNN method and the comparison methods for each type of disease and the overall metrics.
Analysis: The proposed VAGNN method achieves the highest or comparable values for all the metrics, except for the specificity of the blast disease, where it is slightly lower than the DNN-CSA method.
Experimental Results - Computation Time
Table: Show the computation time of the proposed VAGNN method and the comparison methods for the training and testing phases.
Analysis: The proposed VAGNN method has the lowest computation time for both the training and testing phases, compared to the other methods.
Experimental Results - Visualization
Figure: Show some examples of the input images, the pre-processed images, the segmented images, and the classified images using the proposed VAGNN method and the comparison methods.
Analysis: The proposed VAGNN method can produce clear and accurate segmentation and classification results, while the other methods may have some errors or ambiguities.
Discussion
Strengths: The proposed VAGNN method can achieve high accuracy, low computation time, and automatic feature and label learning for rice leaf disease classification.
Limitations: The proposed VAGNN method may have some difficulties in handling images with complex backgrounds, multiple diseases, or low resolution.
Improvements: The proposed VAGNN method can be improved by using more advanced pre-processing and segmentation techniques, incorporating more data augmentation and regularization methods, and applying transfer learning or multi-task learning strategies.
Conclusion
Summary: The proposed VAGNN method is a novel and effective method for rice leaf disease classification, which combines the advantages of vulture optimization, auto-metric graph neural network, and meta-learning9.
Contributions: The proposed VAGNN method can provide a new perspective and solution for the problem of plant disease recognition, which is important for agricultural production and food security.
Future Work: The proposed VAGNN method can be extended to other types of plant diseases, other crops, or other domains that require image classification.
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