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ABSTRACT

Rice is a staple food crop in India, and its production is critical for food security. However, rice crops are susceptible to
various diseases that can significantly reduce yield and quality. Early detection of these diseases is essential for effective
management and mitigation. This paper proposes a Convolutional Neural Network (CNN)-based approach for the automated
detection of rice leaf diseases using deep learning. The model is trained on a dataset of rice leaf images collected from
different regions of India, encompassing healthy leaves and those affected by common diseases such as blast, brown spot,
and bacterial leaf blight. The proposed CNN architecture achieves high accuracy in disease classification, demonstrating its
potential as a tool for early disease detection in rice farming. The results highlight the effectiveness of deep learning in
agricultural applications, particularly in resource-constrained settings like India.

Keywords: CNN, Rice, Disease, Deep learning, India.

1. INTRODUCTION

Rice (Oryza sativa) is one of the most important crops in India, contributing significantly to the country's agricultural
economy and food supply. However, rice cultivation faces numerous challenges, including pest infestations and diseases that
can lead to substantial yield losses. Traditional methods of disease detection rely on visual inspection by farmers or
agricultural experts, which is time-consuming, subjective, and often inaccurate. With the advent of deep learning and
computer vision, automated disease detection systems have emerged as a promising solution to these challenges. This paper
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presents a Convolutional Neural Network (CNN)-based approach for detecting rice leaf diseases in India. CNNs are a class
of deep learning models that have shown remarkable success in image classification tasks. By leveraging a dataset of rice
leaf images, the proposed model aims to accurately identify and classify common rice diseases, enabling timely intervention
and reducing crop losses.

2. LITERATURE REVIEW

Recent advancements in deep learning have led to the development of various models for plant disease detection. Researchers
have employed CNNs for tasks such as leaf disease classification, pest detection, and crop health monitoring. For instance,
Mohanty et al. (2016) used CNNs to classify diseases in tomato and potato plants, achieving high accuracy. Similarly,
Sladojevic et al. (2016) applied deep learning for the detection of plant diseases in various crops. In the context of rice disease
detection, several studies have explored the use of machine learning and image processing techniques. However, many of
these approaches rely on handcrafted features, which may not generalize well across different datasets. CNNs, on the other
hand, automatically learn relevant features from raw images, making them more robust and scalable. This paper builds on
these advancements by proposing a CNN-based model specifically tailored for rice leaf disease detection in India.

3. METHODOLOGY

3.1 Dataset Collection and Preprocessing

A dataset of rice leaf images was collected from agricultural fields across different regions of India. The dataset includes
images of healthy leaves and leaves affected by three common diseases: blast, brown spot, and bacterial leaf blight. The
images were captured under varying lighting conditions and angles to ensure diversity. The dataset was split into training,
validation, and test sets, with 70% of the images used for training, 15% for validation, and 15% for testing.

(d) Healthy leaf
Figure-1. Diseases in Rice Leaf.
3.2 CNN Architecture
The proposed CNN architecture consists of the following layers:
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Figure-2. CNN architecture
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3.2.1 Input Layer:
The input layer receives RGB images of rice leaves resized to 224x224 pixels.
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Figure-3. Input Layer

3.2.2 Convolutional Layers:

Three convolutional layers with 32, 64, and 128 filters, respectively, are used to extract features from the images. Each
convolutional layer is followed by a ReL U activation function and a max-pooling layer.
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Figure-4. Convolutional Layer & Fully Connected Layer

3.2.3 Fully Connected Layers:

Two fully connected layers with 512 and 128 neurons, respectively, are used for classification. Dropout is applied to prevent
over fitting.

3.2.4 Output Layer:

The output layer uses a soft max activation function to classify the input image into one of four categories: healthy, blast,
brown spot, or bacterial leaf blight.
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Figure-5. Output Layer
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3.3 Training and Evaluation:

The model was trained using the Adam optimizer with a learning rate of 0.001. The training process involved 50 epochs, and
the model's performance was evaluated using accuracy, precision, recall, and F1-score. Data augmentation techniques such
as rotation, flipping, and zooming were applied to increase the diversity of the training data and improve the model's
generalization ability.

4. RESULTS AND DISCUSSION:

The proposed CNN model achieved an accuracy of 96.5% on the test set, demonstrating its effectiveness in classifying rice
leaf diseases. The precision, recall, and F1-score for each disease class are as follows:

1. Blast: Precision = 95.2%, Recall = 96.0%, F1-score = 95.6%

2. Brown Spot: Precision = 97.0%, Recall = 96.5%, F1-score = 96.7%

3. Bacterial Leaf Blight: Precision = 96.8%, Recall = 97.2%, F1-score = 97.0%
4. Healthy: Precision = 97.5%, Recall = 96.8%, F1-score = 97.1%

The results indicate that the model performs well across all disease classes, with minimal misclassifications. The use of data
augmentation and dropout contributed to the model's robustness and generalization ability.

5. CONCLUSION

This paper presents a CNN-based approach for the automated detection of rice leaf diseases in India. The proposed model
achieves high accuracy in classifying common rice diseases, making it a valuable tool for farmers and agricultural experts.
By enabling early detection and intervention, the model has the potential to reduce crop losses and improve rice production
in India. Future work could explore the integration of this model into mobile applications for real-time disease detection in
the field.

6. FUTURE WORK

Future research could focus on expanding the dataset to include more disease classes and incorporating environmental factors
such as weather conditions and soil quality. Additionally, the model could be integrated with 10T devices and drones for
large-scale monitoring of rice fields. Further optimization of the CNN architecture and training process could also enhance
the model's performance.
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