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Abstract: This study has been undertaken to the development of a deep learning-based system for
predicting tomato leaf diseases, which are particularly significant in the agricultural industry due to the
crop’s high commercial value and contribution to food security. The proposed system utilizes a deep
convolutional neural network (CNN) with transfer learning. The system determines plant health and predicts
the specific disease if present.

Index Terms — Deep learning, Convolutional Neural Network (CNN), Transfer learning,Image
Preprocessing, Tomato leaf disease, Early detection, Web application, Agricultural productivity.

1.INTRODUCTION

Plant disease identification is an important and useful task in agriculture since the early detection of
diseases prevents the spread of the disease and finally the loss of the products [1]. Tomato, a nutrition-rich
plant with a high source of income for farmers, is one of the most widely grown plants-worldwide. However,
various tomato plant diseases observed on leaves affect the products in terms of quantity and quality, and
therefore, decrease productivity. Some well-known diseases of tomato leaves includeTarget spot, Yellow leaf
curl virus, Healthy leaf, Leaf Mold, Spectoria leaf spot, Spider mites two spotted spi, Bacterial spot, Mosaic
virus, Early Blight, Late Blight,as shown in Figure 1.

Septoria leaf spot

FIGURE 1. Sample images for each class of tot dlseas (a) Bacterial spot, (b) Early blight, (c)
Late blight, (d) Leaf mold, (e) Septoria leaf spot, (f) Spider mites, (g) Leaf curl virus, (h) Mosaic virus,
(i) Healthy leaf.
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In this paper, a compact deep convolutional neural network (CNN) architecture is proposed to learn the
relationship between a tomato leaf image and its corresponding disease, which is a classification task. One of
the advantages of using convolutional neural networks is that they automatically extract relevant features
throughout their convolutional layers, making them a powerful classifier for computer vision based tasks.
The aim of this paper is to implement a robust deep network with high accuracy and at the same time with a
computationally cheap architecture in terms of the number of parameters which are contained in the network
in order to be used in the devices which have limited memory or processing capacity such as mobile phones
and small quadcopter drones

2. LITERATURE SURVEY

A smart agricultural system with the necessary infrastructure is a new technology that may
increase the quality and quantity of agricultural produce in the country, such as tomatoes. Since tomato
plants are cultivated from various variables such as environment, soil, and amount of solar radiation, the
presence of the disease cannot be avoided. Deep learning has enabled improvements in the field of computer
vision in recent years, opening the door for camera-assisted illness detection as mentioned. This study
produced a novel technique for effective disease detection in tomatoes. To detect and identify leaf diseases,
a motor-controlled image capture box is utilised to record images of all four sides of each tomato plant. A
specific tomato variety, Diamantemax, was used for testing. The system is designed to identify diseases that
are spot rot and target spotlights. Using controlled conditions on the affected and healthy tomato plant leaf
collection image dataset. We trained a deep convolutional neural network to recognize three diseases. In
farming, plant diseases are the first criminals. Another tomato disease can be encountered by agronomists
and farmers. It can be detected or the leaves can be located on the roots of stem fruits and plants.

We all know that most of the Indian land is used for agriculture purpose, and it is also the main stay of
India’s economy. It is the major source of livelihood for about 58 percent of Indians. In India we know
Tomato is one of the most important crops which plays a dominant role in the food industry and the
agricultural economy of the country, but there are various diseases which obstruct the growth of crops in
fields which may cause huge loss in the quality of products. Nowadays various methods such as image
processing are used to diagnose various types of diseases caused by bacteria such as fungi, viruses and
bacteria that cause significant loss of production. The main purpose of this project is to use deep learning
concepts like CNN, Resnet, etc. system which will be used to detect various types of diseases of a Tomato
plant. It gives more capable ways to discover infections caused by Bacteria and environmental effects.
Traditional methods include manual monitoring of a leaf and predicting the disease. But a farmer is not able
to determine the exact disease by this technique. So, by using deep learning the proposed system will detect
the diseases in a better way. Types of disease like Early Blight, Spectoria leaf spot, Late Blight, Bacterial
spot, Leaf Mould, Spider mites two spotted spider mite, The Mosaic virus, Target spot, yellow leaf curl
virus will be covered under this model.

Earlier a lot of work has been done in the digitalization of grading system using ML in agriculture
industry, various approaches and algorithms have been implemented to get the required output. Many of
them predicated the class correctly with good accuracy but the research to increase the accuracy of model is
still going on, as the accuracy matters the most to decide which type of disease the plant is having as the
further precaution could be taken to save the plants. Idea every year throughout India many crops yield get
wasted due to diseases, no proper identification of disease and no timely cure makes huge loss in crops. To
solve this issue, we propose a system which will predict the disease of crop based on its leaf image with
help of CNN algorithm. Farmers use traditional method like manually examining of a leaf or plant to detect
disease, but this technique does not help them to determine the exact disease which creates a huge loss of
production. A web as well as web app-based system will be implemented which will be use to upload image
of tomato leaf and get the predication of disease it is suffering from. If the leaf is having the disease, then a
cure or precautionary method would be suggested to stop disease from further spreading. This study
proposes a system focused on the detection and identification of diseases that are useful for decision
making. The proposed system includes four main stages: pretreatment, segmentation, feature extraction and
classification. In this method, we focus on image classification techniques that are different from image
splitting.

[JCRT2403093 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ a749


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 3 March 2024 | ISSN: 2320-2882

3. RELATED WORK

Agriculture plays a vital role in India's economy, providing livelihoods for a significant portion of
the population.Tomato cultivation is particularly important due to its high commercial value and contribution
to the food industry. However, tomato plants are susceptible to diseases and infections, which can lead to
crop damage and economic losses. Early detection and diagnosis of tomato leaf diseases are essential for
effective management and prevention of crop losses.The system will provide farmers with valuable insights
into disease prevalence, allowing them to take timely and targeted actions to protect their crops.

Early detection of tomato plant diseases directly affects the quantity and quality of plant products. Through
the integration of advanced image processing techniques and machine learning algorithms, the project aims
to advance India's digital agriculture initiatives.CNN have become popular for plant disease identification
over the last few years. This allows for the classification of large data with high accuracy. Many variants of
CNN have been implemented by researchers for tomato plant disease diagnosis with the best detection
accuracy of 99.53% [5]-[7], [13]. In this respect, [8] proposed a simplified and efficient CNN model with 8
hidden layers for tomato crop disease identification. The authors employed a lightweight CNN model to
classify nine types of tomato crop diseases in the PlantVillage dataset. The high accuracy achieved by the
model is of great significance in terms of agricultural productivity and disease management.The trained
model achieved an impressive accuracy of 94.39% on the test set. This accuracy indicates the model's ability
to correctly classify tomato leaf images and identify the presence of diseases.

SVM was not giving good results with more than 2 different types of disease, so in case of a greater
number of accuracy and getting good accuracy the CNN algorithm is best to be implemented.Deployment of
the model will be done through a website and android app which will take image as input and predict the type
of disease.

The state-of-the-art methods related to tomato disease identification indicates that deep learning based
approaches achieve high performance compared to hand-crafted methods, however it still needs more
research in order to improve the accuracy to the highest level and reduce computation time.

4. RESEARCH METHODOLOGY

4.1 Algorithm
A process or set of rules to be followed in calculations or other problem-solving operations,
especially by a computer.

4.2 Praposed CNN Model

The proposed Deep Convolutional Neural Network (CNN) model was developed with transfer
learning.The system determines plant health and predicts the specific disease if present. First model is made
using the CNN algorithm as CNN is the most efficient image processing algorithm and provides the best
model accuracy. To build a model 8 CNN filters are used in the layer selection 4 are convolution with relu
activation function and every convolution is followed by max pooling. First convolution layer contains input
shape (150, 150, 3), filter size 64, kernel size (3 x 3).

The Utilization of a Deep Convolutional Neural Network (CNN) model and Choice of the CNN Algorithm
are as follow:

«» Utilization of a Deep Convolutional Neural Network (CNN)

» For tomato leaf disease detection, a deep convolutional neural network (CNN) is employed as the
core model architecture.

« CNNs are specifically designed for image processing tasks and have demonstrated excellent
performance in various computer vision applications.

» The ability of CNNs to automatically learn relevant features from images makes them well-suited for
detecting patterns and distinguishing between healthy and diseased tomato leaves.

++ Choice of the CNN Algorithm

« The CNN algorithm is chosen due to its effectiveness in capturing spatial hierarchies and local
patterns in images.
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« The layers of the CNN perform operations such as convolution, pooling, and non-linear activations,
enabling the extraction of meaningful features from the input images.

« By utilizing multiple layers, the CNN can learn increasingly complex and abstract representations,
enhancing its ability to detect subtle disease-related characteristics.

4.3 Dataset,Data Preparation And Sources of Data

The dataset consists of three parts: training, validation, and testing, each containing images of
tomato leaves.There are total of 10 classes representing different types of tomato leaf diseases.(Target spot,
Yellow leaf curl virus, Healthy leaf, Leaf Mold, Spectoria leaf spot, Spider mites two spotted spi, Bacterial
spot, Mosaic virus, Early Blight, Late Blight). Each class corresponds to a specific disease, such as target
spot, yellow leaf curl virus, early blight, late blight, and more.Total images in dataset were 22000 out of
which 18000 were used for training and 4000 for validation purpose. 85% of the total images were used for
training and 15% were used for testing.

The data set collection is the plant leaf disease image data collected from the information on the
performance. Then, data cleaning and data reduction are done from the collected plant leaf dataset records.
These data of the plant disease, plant leaf information for the leaf size, leaf color, quality and then plant
characters are collected from the dataset performance.

The dataset used in this project was obtained from Kaggle, a popular platform for data science and
machine learning.Kaggle provides a diverse collection of datasets contributed by the community, including
agricultural datasets for plant disease detection.

Dataset contains of total of 31279 tomato leaf images, which are categorized in 10 different classes out
of which 9 are diseased and 1 is healthy. The dataset used in this project was obtained from Kaggle, a
popular platform for data science and machine learning. Kaggle provides a diverse collection of datasets
contributed by the community, including agricultural datasets for plant disease detection.

4.4 Image Collection And Image Pre-processing

4.4.1 Image Collection :- The dataset was downloaded from Kaggle which consisted of 3 parts
train,validation, and test with 10 classes each.

4.4.2 Image Pre-processing :- The images initially consisted of nonuniform size so to create uniformity in
the image size we converted all the images in fixed size. Deep learning projects need a large amount of data
to acquire good accuracy for the model hence, image augmentation is good technique to obtained large data
from existing data by performing various operations on the image like rotation, flip, width shift, height shift,
fill, etc. This creates more images from the existing images which help in increasing the accuracy of the
model.

4.5 Image Lablling
There are ten Labels including

* Target spot

* Yellow leaf curl virus

* Healthy leaf

* Leaf Mold

* Spectoria leaf spot

* Spider mites two spotted spi
* Bacterial spot

* Mosaic virus

* Early Blight

* Late Blight
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4.6 Training and Testing datasets
Total images in dataset were 31279 out of which 24847 were used for training and 6432 for
validation purpose. 80% of the total images were used for training and 20% were used for testing.

4.7 Model Building And Deployment
First model is made using the CNN algorithm as CNN is the most efficient image processing
algorithm and provides the best model accuracy. To build a model 8 CNN filters are used in the layer
selection 4 are convolution with relu activation function and every convolution is followed by max pooling.
Deployment of the model will be done through a website and android app which will take image as input
and predict the type of disease.

4.8 Existing System

It is planted disease identification is an important issue in the existing system. Generalized
problem identified plant leaf disease makes your computer more intelligent and reducing the workload of
humanity. Something in common with these two works have a clear-cut picture of the lesion. The problem
can be resolved with the diversity of data limitations. The difference is that the leaves can be converted into
a healthy image to various types of diseases. This is the image of the conversion method to the image from
the image, but the existing one is converting the image from the noise to generate a marked image
conversion. The same type of image. There is a problem with the difficult process of classification or
regression of noise on the existing system.

4.9 Proposed System

Deep learning is an artificial intelligence subfield. In recent years, the benefit of extraction of
autonomous learning and function has garnered a wide variety of academic and corporate interest. Image
and video processing are commonly employed in speech processing and natural language processing.
Simultaneously, it is artificial deep learning of the application plant disease recognition and pest range
assessment of plant disease recognition that it is possible to avoid the disadvantages caused by selection, the
hot spot of research in the field of agriculture plant protection, such as and it has become a disease of the
spot is equipped with a more feature extraction of objective makeup plant diseases, and improve the
exchange rate.of efficiency and technology of research. The Proposed system is as shown in Figure.1.

Dataset = | Pre-processing data #| Feature extraction

I

Feature selection

L 4

Classification using
CNN

Predict the result |4

Figure 1: Proposed diagram
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5. RESULTS AND DISCUSSION

5.1 Results

Disease should be predicted correctly

Farmer should be able to use interface easily

Farmer should be able to prevent disease spreading by taking proper measures
Loss of crop yield should be reduced.

O O O O

5.2 Discussions

As from literature survey we understood that after doing a comparative study on same datasets with
different type of algorithms the CNN was the algorithm which was giving the best results among other also
in that Dense net was a pretrained model which was giving overall good results. SVM was not giving good
results with more than 2 different types of disease, so in case of a greater number of accuracy and getting
good accuracy the CNN algorithm was best to be implemented”.

6. CONCLUSION

On implementing Deep learning models, Convolutional Neural Networks (CNN) on the disease
detection of tomato leaves from the plant village dataset and evaluating the aforementioned model using the
following metrics: Accuracy, Precision, and Recall, the study shows that CNN model performs better than
other Machine Learning model in the plant disease detection of tomato leaves by outperforming the KNN
model is all of the four-evaluation metrics. The study also makes use of the XAI technique Local
Interpretable Model-agnostic Explanations (LIME) in order to provide explain ability to the predictions made
by the models. With the execution of a user study, this study can get feedback from farmers on if they trust
the Al and XAI models. A Web-based systemhas been successfully implemented for tomato leaf disease
prediction using Convolution Neural Network. There are 10 classes that are detected by system with accuracy
of 94.39%. This was achieved using approximate 31279 images from which 24847 were training images and
6432 were testing images.
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