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Abstract: 

This paper presents a novel approach to detect purple blotch disease in crops using Convolutional Neural 

Networks (CNNs). Purple blotch disease is a fungal infection that affects crops like onions, garlic, leeks, 

and shallots, leading to reduced yields and economic losses. Our method involves training CNN models on 

a comprehensive dataset of high-resolution images depicting onion leaves with and without purple blotch 

lesions. Data annotation is performed to label the affected areas, and preprocessing techniques such as data 

augmentation and normalization are applied to enhance model robustness. Transfer learning is employed 

to fine-tune pre-trained CNN architectures, improving classification performance. Experimental results 

demonstrate the efficacy of our CNN-based approach in accurately identifying purple blotch lesions on 

onion leaves. Furthermore, the trained models exhibit robustness when applied to real-world images 

captured under varying conditions. Precision and recall metrics are evaluated to assess model performance, 

and hyperparameter tuning is conducted to optimize accuracy. Our research contributes to advancing 

agricultural technology by providing a reliable and efficient method for early detection of purple blotch 

disease, thereby enhancing crop productivity and sustainability. 
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Introduction: 

Purple blotch disease is a fungal infection that commonly affects crops such as onions, garlic, leeks, and 

shallots, often resulting in reduced yields. The economic implications of this disease can be significant, 

with shortages in onion and garlic supplies leading to increased market prices. However, proactive 

measures can be taken to mitigate the impact of purple blotch disease, and one promising approach involves 

the use of Convolutional Neural Networks (CNNs) for early detection. 

CNNs (Convolutional Neural Network Architectures) is a class of deep neural networks specifically 

designed for tasks such as object detection, image segmentation, and image classification. Leveraging its 

capabilities, we can develop systems to detect purple blotch disease by analyzing images of affected crop 

leaves. By training CNNs on a dataset comprising images of onion leaves with and without purple blotch 

lesions, we can teach the model to accurately identify diseased areas. 
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To initiate the process, we gather a comprehensive dataset of high-resolution images capturing the 

variations in purple blotch areas. Data annotation is then performed to label the areas of interest, marking 

the regions where purple blotch is present on the onion leaf images. This annotated dataset serves as the 

foundation for training our CNN model. 

Preprocessing techniques are applied to the dataset to enhance the robustness of the model. This includes 

steps such as data augmentation and normalization, which help to standardize the data and improve its 

suitability for training. Additionally, the dataset is divided into training, validation, and testing sets to 

facilitate model evaluation and validation.Usually we take 70 percent of the data for training, 15 percent 

of the data for validation and 15 percent of the data for testing. 

Transfer learning, a technique where pre-trained CNN models are utilized as feature extractors, are used 

for the training process and improves classification performance. By fine-tuning these pre-trained models 

on our dataset, we get the learned representations of image features to enhance the accuracy of our purple 

blotch detection system. 

Experimental results demonstrate the effectiveness of the CNN-based approach in accurately identifying 

purple blotch lesions on onion leaves. The trained model can be further deployed to real world imges or 

videos of onion field with variations in image quality, lighting conditions, and leaf orientations, to check 

the robustness of the model in automated disease detection systems. 

Furthermore, precision and recall metrics are evaluated to assess the model's performance, and 

hyperparameter tuning is conducted to optimize its accuracy further. By refining the model parameters and 

training methodologies, we continuously strive to enhance the reliability and efficiency of our disease 

detection system. 

Ultimately, the adoption of CNN-based purple blotch detection systems represents a significant 

advancement in agriculture technology. By providing a reliable and efficient method for early disease 

detection, we can mitigate the impact of purple blotch on crops and enhance productivity and sustainability 

in agriculture. This proactive approach not only helps safeguard crop yields but also contributes to the 

economic viability of farming communities. 

 

Literature Survey: 

The following papers contribute to the advancement of disease detection in crops, particularly focusing on 

purple blotch disease in onions, through the utilization of deep learning techniques, specifically 

Convolutional Neural Networks (CNNs). 

 Zaki et al. (2021): In their paper titled "Image-based Onion Disease (Purple Blotch) Detection using 

Deep Convolutional Neural Network" published in the International Journal of Advanced Computer 

Science and Applications, Zaki et al. propose a CNN-based approach for detecting purple blotch 

disease in onions. They construct a deep learning model trained on a dataset comprising images of 

onion leaves with and without purple blotch lesions. Through experimentation, they demonstrate 

the effectiveness of their approach in accurately identifying diseased areas, contributing to the 

automation of disease detection in agricultural settings. 

 Jung et al. (2023): Jung et al., in their study published in Scientific Reports, focus on the 

construction of a deep learning-based disease detection model in plants. While the paper does not 

specifically mention purple blotch disease, it provides insights into the broader application of deep 

learning techniques for disease detection in crops. Their work underscores the potential of deep 

learning models in automating disease identification processes, thereby facilitating early 

intervention and management strategies to mitigate crop losses. 

 Tirkey et al. (2023): Tirkey, Singh, and Tripathi explore the performance of AI-based solutions for 

crop disease identification, detection, and classification in their paper published in Smart 

Agricultural Technologies. While the study encompasses various crop diseases, it sheds light on the 

broader landscape of artificial intelligence applications in agriculture. Their analysis likely includes 
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approaches similar to those used for purple blotch detection, providing valuable insights into the 

comparative effectiveness of different AI-based solutions for disease management in agricultural 

contexts. 

 

Existing System: 

Traditionally, the detection of diseases in crops, such as purple blotch disease in onions, has heavily relied 

on manual inspection by agricultural experts. This approach is time-consuming, labor-intensive, and prone 

to human error, leading to delayed disease identification and ineffective management strategies. 

Furthermore, manual inspection may not scale well to large agricultural fields, making it challenging to 

monitor crops effectively. 

Proposed System: 

To address the limitations of the existing manual inspection process, we propose an automated disease 

detection system based on Convolutional Neural Networks (CNNs). Our system leverages deep learning 

techniques to analyze high-resolution images of onion leaves and accurately identify purple blotch lesions. 

By training CNN models on a diverse dataset of annotated images, our proposed system can achieve 

reliable and efficient disease detection. 

Key Features of the Proposed System: 

Automation: The proposed system automates the process of disease detection, eliminating the need for 

manual inspection and enabling timely intervention. 

Accuracy: By utilizing CNNs, the system can achieve high levels of accuracy in identifying purple blotch 

lesions, reducing the risk of misdiagnosis. 

Scalability: The system can be scaled to cover large agricultural fields, allowing for comprehensive 

monitoring of crops. 

Efficiency: With automated detection, farmers can quickly identify diseased plants and implement targeted 

management strategies, leading to improved crop health and yields. 

Adaptability: The system can be adapted to detect other diseases in various crops, enhancing its versatility 

and applicability in agricultural settings. 

Advantages Over the Existing System: 

Time-Saving: The proposed system significantly reduces the time required for disease detection compared 

to manual inspection methods. 

Accuracy: Automated detection using CNNs ensures consistent and reliable identification of purple blotch 

lesions, minimizing false positives and negatives. 

Cost-Effectiveness: While initial setup costs may be involved, the long-term benefits of automated disease 

detection, including increased crop yields and reduced losses, outweigh the investment. 

Real-Time Monitoring: The proposed system enables real-time monitoring of crops, allowing farmers to 

take immediate action upon detection of diseases. 

Enhanced Productivity: By streamlining the disease detection process, the proposed system allows farmers 

to focus on other aspects of crop management, leading to improved productivity. 
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System Architecture: 

 

 

 

 

Methodology: 

Data Collection and Preprocessing: 

We collected a diverse dataset of high-resolution images depicting onion leaves with and without purple 

blotch lesions from various sources, including agricultural research databases and field surveys. The dataset 

comprised images captured under different lighting conditions and from varying perspectives to ensure 

robustness in model training.The dataset was annotated by domain experts to label the regions of interest, 

i.e., purple blotch lesions, using bounding boxes. This annotation process involved precise outlining of the 

lesions to provide accurate training signals to the model.To enhance model training and improve 

generalization capabilities, we preprocessed the images by resizing them to a standard size, normalizing 

pixel values, and applying augmentation techniques such as rotation, flipping, and brightness adjustments. 

These preprocessing steps aimed to augment the dataset, increase its diversity, and reduce overfitting during 

model training. 
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0 0.58671875 0.13984375 0.8203125 0.21171875 

0 0.50390625 0.446875 0.9921875 0.16875 

0 0.56953125 0.6640625 0.8609375 0.109375 

0 0.9109375 0.56640625 0.178125 0.1453125 

0 0.52265625 0.7828125 0.79453125 0.0796875 

0 0.515625 0.86875 0.96875 0.10859375 

 

Each line represents an annotation for an object or region of interest within an image, following a specific 

structure:The first value represents the class label or category of the annotated object. Here, '0' is likely 

used to denote a specific class relevant to the object being annotated.The subsequent four values represent 

the coordinates of the bounding box surrounding the annotated object. These coordinates are normalized 

values relative to the dimensions of the image:The second and third values denote the normalized 

coordinates (between 0 and 1) of the top-left corner of the bounding box (x and y coordinates, 

respectively).The fourth and fifth values represent the normalized width and height of the bounding box, 

respectively. 

Model Selection and Setup: 

For purple blotch disease detection, we selected YOLOv8 as the deep learning architecture due to its proven 

effectiveness and efficiency in object detection tasks. YOLOv8 offers real-time inference capabilities and 

maintains high accuracy, making it well-suited for our application in agricultural settings.The YOLOv8 

model was set up and configured using the PyTorch deep learning framework, leveraging pre-trained 

weights from the COCO dataset to initialize the model parameters. This initialization helped expedite 

model convergence and improve detection performance, especially in scenarios with limited annotated 

data. 

 

Training the YOLOv8 Model: 

To train the YOLOv8 model, we split the annotated dataset into training (70%), validation (15%), and 

testing (15%) sets. This partitioning ensured adequate data for model training, validation, and evaluation, 

respectively.The model was trained on the training set using stochastic gradient descent (SGD) with 

momentum, with the learning rate scheduled to decrease over epochs to facilitate convergence. 

Hyperparameters such as learning rate, batch size, and number of epochs were optimized using the 

performance on the validation set to maximize detection accuracy. 
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Evaluation and Validation: 

We evaluated the trained model's performance on the testing set to assess its ability to generalize to unseen 

data and accurately detect purple blotch lesions. Performance metrics including precision, recall, and F1-

score were calculated to quantify the model's detection accuracy and robustness.Real-world validation tests 

were conducted by deploying the model on images captured in onion fields under varying lighting and 

environmental conditions. This validation process ensured the practical effectiveness of the model in 

detecting purple blotch disease in agricultural settings and provided valuable insights for further 

improvements. 

Results: 
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Conclusion & Future Enhancements: 

In this study, we introduced a CNN-based approach for detecting purple blotch disease in crops, particularly 

onions. Through meticulous data annotation, preprocessing, and model training, we developed a robust 

purple blotch detection system. Our experimental results showed promising outcomes, indicating the 

practical effectiveness of our approach in accurately identifying purple blotch lesions on onion leaves. 

Evaluation metrics such as precision, recall, and F1-score provided insights into the model's performance 

and robustness. 

Dataset Expansion: Continuously augmenting the dataset with diverse images can enhance the model's 

generalization capabilities. 

Model Optimization: Exploring advanced CNN architectures and optimization techniques could further 

improve detection accuracy and speed. 

Real-time Deployment: Adapting the model for real-time deployment using lightweight architectures can 

enable timely disease detection. 

Integration with Agricultural Systems: Integrating the detection system with existing agricultural 

management systems can facilitate seamless disease monitoring and decision-making for farmers. 

By addressing these aspects, we can advance agricultural disease detection and contribute to sustainable 

farming practices, ensuring food security and economic stability. 
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