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Abstract- Agriculture is vital to human civilization, 

providing food and contributing to the economy. 

Crops are often vulnerable to diseases and insects, 

posing significant challenges during production. 

Early detection of crop diseases is crucial to 

minimizing damage and reducing costs. Traditional 

methods fail to provide real-time identification, but 

Convolutional Neural Networks (CNNs) offer a 

solution by enabling accurate detection and 

classification of leaf diseases. This research focuses 

on identifying diseases in apple, grape, corn, potato, 

and tomato plants. A proposed deep CNN model is 

compared with transfer learning approaches like 

VGG16. The AI-based system analyzes crop images 

to detect diseases early and recommends 

management strategies, reducing crop loss and 

enhancing yield. Such systems have applications in 

agriculture and biological research. 
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I. INTRODUCTION 

 

Agriculture is an ancient means of obtaining food and 

remains a vital source of income globally. Plants are 

essential not only for humans but also for animals, 

providing food, oxygen, and other necessities. The 

government and experts continuously work to enhance 

food production through innovative approaches. 

However, plant diseases, caused by bacterial, fungal, 

and other factors, impact crop yield and affect all 

living organisms in the ecosystem. These diseases can 

occur on any part of the plant, including leaves, stems, 

and branches, and their severity often depends on 

climatic conditions. Insufficient food production due 

to diseases and climate change has led to food 

insecurity worldwide. Early detection of plant diseases 

is critical to prevent large-scale crop losses, and 

appropriate use of pesticides, under expert guidance, 

is necessary to avoid harmful effects on crops and 

farmland. 

 

Automated disease detection tools have revolutionized 

agriculture, offering precise and timely results for both 

small- and large-scale cultivation. Deep learning and 

neural networks, particularly Convolutional Neural 

Networks (CNNs), play a crucial role in these 

technologies. CNNs can identify infected and healthy 

leaves using image analysis, enabling early disease 

detection and management. This approach enhances 

agricultural productivity while ensuring crop quality. 

Precision farming, an innovative technology, 

incorporates advanced tools to optimize crop yield and 

improve farm management. It focuses on parameters 

like water, land stress, pesticides, and fertilizers, using 

image processing to analyze agronomic challenges 

accurately and efficiently. By adopting these modern 

techniques, farmers can achieve higher yields and 

sustainable agricultural practices. 

 

II. LITRETAURE SURVEY 

 

Plant diseases significantly impact crop production, 

food security, and farmer profits. Early detection is 

critical to avoid large-scale losses. Traditional 

methods of disease identification are labor-intensive 

and unreliable, but advancements in AI and deep 

learning have introduced efficient solutions. 

Convolutional Neural Networks (CNNs) and image 

processing techniques enable automated detection and 

classification of plant diseases using datasets of 

healthy and diseased leaves. 

 

Various studies focus on different crops and diseases, 

employing methods like transfer learning, anomaly 

detection, and data augmentation to improve accuracy. 

For example, a CNN model achieved 95.75% accuracy 
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in detecting tomato diseases like Leaf Miner and 

Target Spot, while another system utilizing the Plant 

Village dataset classified tomato leaf diseases with 

95% accuracy. Techniques such as PCA, K-Means 

clustering, and probabilistic neural networks have also 

been used for segmentation and classification. 

 

Deep learning models like INAR-SSD demonstrate 

real-time detection capabilities with high speed and 

precision, addressing challenges such as noisy datasets 

and complex disease patterns. These technologies are 

paving the way for efficient, scalable, and automated 

solutions to modern agricultural challenges. 

 

III. METHODOLOGY 

 

A. Integrated Analysis and Synthesis 

Vegetable and fruit leaves like potato, tomato, corn, 

apple, and grape are prone to diseases that reduce yield 

and quality. Early detection using Convolutional 

Neural Networks (CNNs) offers an efficient solution. 

This study identifies common tomato diseases such as 

Early Blight, Late Blight, Septoria Leaf Spot, Tomato 

Mosaic Virus, and Fusarium Wilt, outlining their 

symptoms and management strategies. A CNN model 

was developed, achieving 99.35% accuracy, and 

compared with architectures like VGG16. 

 

Proposed CNN Model 

The CNN model extracts hierarchical features through 

convolutional and pooling layers. Data augmentation 

techniques (e.g., rotation, flipping) improved 

robustness, while transfer learning with pre-trained 

models like VGG16 enhanced accuracy and 

adaptability. 

 

B. Simulation and Implementation 

The model was trained on a dataset of leaf images 

resized to 224 x 224 pixels. Performance metrics such 

as accuracy, precision, and recall confirmed its 

reliability. Data preprocessing, hyperparameter 

tuning, and evaluation ensured optimal results. 

 

C. General Steps for Tomato Leaf Disease Detection 

1. Collect and preprocess labeled images of healthy 

and diseased leaves. 

2. Train the CNN model with data augmentation 

techniques. 

3. Evaluate performance using accuracy and other 

metrics. 

4. Deploy the model for real-time disease detection. 

 

This streamlined approach demonstrates the 

effectiveness of CNNs in automating disease 

detection, supporting precision agriculture, and 

improving crop management. 

 

Fig. 1. Graphical Abstract: 

 
 

IV. DETAILED DESCRIPTION 

 

The general steps involved in using Convolutional 

Neural Networks (CNNs) for tomato leaf disease 

detection: 

 

Data Collection: Gather a dataset of tomato leaf 

images, including both healthy and diseased leaves. 

The dataset should be labeled with the corresponding 

disease types. 

 

Data Preprocessing: Preprocess the images to enhance 

the quality and normalize the data. This may involve 

resizing the images, applying image augmentation 

techniques (such as rotation or flipping) to increase 

data diversity, and normalizing pixel values. 

 

Data Split: Divide the dataset into training, validation, 

and testing sets. The training set will be used to train 

the CNN model, the validation set for hyperparameter 

tuning, and the testing set for final evaluation. 

 

Data augmentation is a technique in machine learning 

used to reduce over fitting when training a machine 

learning model, by training models on several slightly-

modified copies of existing data. 
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Model Architecture Selection: Choose an appropriate 

CNN architecture for tomato leaf disease detection, 

such as VGGNet, ResNet, or InceptionNet. Consider 

the complexity of the architecture and the size of the 

dataset to strike a balance between model performance 

and training time. 

 

Model Training: Train the CNN model using the 

training set. The model will learn to differentiate 

between healthy and diseased tomato leaves based on 

the labeled examples. 

 

Model Evaluation: Evaluate the trained model using 

the validation set to assess its performance. Calculate 

metrics such as accuracy, precision, recall, and F1 

score to measure the model's ability to detect tomato 

leaf diseases. 

 

Hyperparameter Tuning: Fine-tune the model's 

hyperparameters (e.g., learning rate, batch size, 

number of layers) using the validation set. Experiment 

with different settings to improve model performance. 

 

Testing: Once the model is optimized, evaluate its 

performance on the testing set, which contains unseen 

data. This step provides an unbiased assessment of the 

model's ability to generalize and detect tomato leaf 

diseases accurately. 

 

Model Deployment: Deploy the trained CNN model 

for practical use. This may involve integrating the 

model into an application or system that can accept 

tomato leaf images as input and provide disease 

predictions as output. 

 

V. RESULTS 

 

 
Fig 2: Image shows the output of leaf disease that is 

Tomato Septoria Leaf spot 

This is the expected result of a Leaf Disease Detection 

System developed using deep learning and web 

technologies. The system enables users to upload an 

image of a diseased leaf and predicts the specific 

disease affecting the plant. In this example, the 

uploaded image has been identified as a tomato leaf 

with "Septoria Leaf Spot." The prediction is made 

using a trained Convolutional Neural Network (CNN) 

model that analyzes the uploaded image and classifies 

it accurately. The user interface is designed for 

simplicity, providing options to upload an image and 

predict the disease. This system demonstrates the 

practical application of AI in agriculture, facilitating 

early disease detection and enabling farmers to take 

timely and appropriate measures to reduce crop loss 

and enhance yield. 

 

CONCLUSION 

 

A We have studied about existing system feature 

based approach. It’s done by image processing 

technique in this we have studied steps like image 

Acquisition, image pre- processing, Image 

Segmentation, features extraction, classification. 

Maximizing the production of crops consisting of 

efficient leaf disease identification and further 

derivation is a major thing. This can be activated using 

an automatic leaf disease identification model building 

the concept of image processing strategy. This work 

addressed extracting the characters of individual 

images and further classifying those in two ways are, 

healthy or diseased. After the classification which 

provides it is diseased leaf and as well as the remedies 

for recovering the deficiency. Here we use a 

convolutional neural network (CNN) algorithm. 

Which contains a hierarchy of layers that helps for 

efficient detection purposes. The overall phases are 

outlined, it starts with the large collection of datasets 

that are used for training and testing to the 

preprocessing phase and further training the method 

for CNN and optimization. With these image 

processing strategies, we can accurately recognize and 

classify a variety of leaf diseases. Here we put the 

images for detection in both ways, real-time from the 

Google or trained datasets. In this project, we built the 

model with proper methods and implementation steps. 

The proposed system is computationally more 

accurate than the pre-existing one and provides easier 

and faster results corresponding to the input image.it 



© JAN 2025 | IRE Journals | Volume 8 Issue 7 | ISSN: 2456-8880 
 

IRE 1706876           ICONIC RESEARCH AND ENGINEERING JOURNALS 85 

aims to make helping the farmers and avoid loss. 

Overall, this work is conclusive in demonstrating how 

CNN applied to empower farmers in their fight against 

leaf disease. Soon work should be focused on 

diversifying training datasets and also on testing with 

similar web applications in real-life situations. 

Without such practical developments, the struggle 

against plant diseases will continue to exist.it causes 

many losses are happening in crop productivity. 

Proposed system to achieve this purpose, we have use 

CNN and get accuracy is 90.23%. We have also use 

VGG16 model to detect leaf disease but in our case 

CNN has better result than VGG16. 

 

In future we can add more classes of leaves and disease 

type. We intend to use additional neural networks in 

future work to deliver far superior forecast and 

accomplish higher exactness. Future study will also 

concentrate on finding a wider range of flaws.  
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