


Image-Based Recognition of Tomato Leaf Disorders Using MATLAB



Abstract
Agriculture is the major sector in India. About 58% of the rural livelihood are influenced by agriculture. Tomato is a very common crop and tomato cultivation is one of the remunerative farming enterprises in India. Due to which detection of disease on tomato plant becomes important because of less susceptibility. The plants productivity gets affected if proper care is not taken. Image processing is one of upbringing technology which is helping to resolve such issues with various algorithms and techniques. Most of the diseases in the tomato plant can be detected at initial stages by observing its leaves as the diseases affects the leaves first. By detecting the diseases at initial stage on leaves we can surely avoid impending loss. In this paper four leaf diseases are identified using image segmentation and mostly concentrate on the image processing techniques used to enhance the quality of the image and neural network technique to classify the tomato leaf disease using MATLAB 2020. Such a digital technology would help farmers by providing high accuracy and immediate results. This prototype has a very great potential to be further improved in the future.
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Introduction
In the agricultural sector, one of the major problems in the plants is its diseases. The plant diseases can be caused due to various pathogens such as bacteria, viruses, fungus etc. Plant diseases cause a major production and economic losses in the agricultural sector. It causes significant reduction in both quality and quantity of agricultural yields. Most of the farmers in India are not aware of the diseases and the methodology to control them. Usually, plant diseases are identified visually by the symptoms they cause in the plant. The naked eye observation of plant leaf diseases requires continuous monitoring and it is a slow method and gives less accuracy. Another problem is that as most farmers are not aware of the diseases, they depend on the consultation of agricultural experts to identify the diseases and recommend pesticide/insecticide. This process is time consuming and expensive.  
In 2023-24, India's tomato production was estimated at 213.20 lakh tonnes, a 4% increase compared to 204.25 lakh tonnes in 2022-23. This data is based on the third advance estimates from the Department of Agriculture. Tomato (Lycopersicon esculentum) belongs to the genus Lycopersicon under Solanaceae family. It is an annual or short-lived perennial herbaceous plant growing to 1-3m in height with weak woody stem. Tomato is one of the most important ‘protective foods’ because of its special nutritive values. It is one of the most versatile vegetable with wide usage in Indian tradition. Tomato crops are subjected to a variety of diseases and disorders. Despite good manufacturing practices, diseases usually occur, presenting one of the greatest challenges to tomato growers. The degree of occurrence is regionally based and largely dependent on environmental conditions.  Tomatoes are attacked by pathogenic diseases caused by fungi, bacteria, as well as physiological disorders which are caused by environmental/abiotic stress. Pathogenic diseases develop through soil borne and above ground infections, and in some instances, are transmitted through insect feeding. 
Naikwadi and Amoda, 2013, show a software evolution for plant leaf diseases detection and classification. Two steps are successively added after the segmentation process. Firstly they identify pixels having most green color. Secondly mask this pixel with Otsu’s method on a specific threshold value. Addition to that, all the pixels with zeros, red, green and blue values and boundary pixels has been completely removed.  Fadzil et al., 2014, presented technique for detection of Sun scorch Orchid Black leaf & spot leaf disease. Preprocessing is obtained by histogram equalization, intensity adjustment and filtering for image enhancement. Segmentation involved thresholding process and three morphological processes which are applied for removing & preserving the small & large object respectively.  Finally classification is done by calculation of white pixels in leaf image and diseases are recognized. And described technique of Tomato leaves diseases detection and diseases are: Powdery mildew & Early blight. Image pre-processing involved various techniques such as smoothness, remove noise, image resizing, image isolation and background removing for image enhancement. Gabor wavelet transformation is applied in feature extraction for feature vectors also in classification. Cauchy Kernel, Laplacian Kernel and Invmult Kernel are applied in SVM for output decision & training for disease identification.
 Savita et al., 2014, studied various classification techniques for plant leaf diseases. Each pattern of distinct classes is classified in classification technique based on their morphological features. Various techniques such as Artificial neural network, Probabilistic Neural Network, Genetic Algorithm, k-Nearest Neighbor, Principal Component Analysis and Fuzzy logic
Surender Kumar and Rupinder Kaur, 2015, investigated the plant leaf disease classification using image processing. From the review, they reported that Digital Image Processing has 3 basic steps: image processing, analysis and understanding. Image processing contains the preprocessing of the plant leaf as segmentation, color extraction, diseases specific data extraction and filtration of images. Plant leaf can be classified based on their morphological features with the help of various classification techniques such as PCA,SVM and Neural Network. The commonly implemented techniques are SVM,BPNN, SGDM and K means clustering. With the help from any of these techniques the automation in plant leaf diseases detection in achieved. 
Mokhtar et al., 2015, described technique of Tomato leaves diseases detection and diseases are: Powdery mildew & Early blight. Image pre-processing involved various techniques such as smoothness, remove noise, image resizing, image isolation and background removing for image enhancement. Gabor wavelet transformation is applied in feature extraction for feature vectors also in classification. Cauchy Kernel, Laplacian Kernel and Invmult Kernel are applied in SVM for output decision & training for disease identification. 
Mokhtar et al.,2015, studied on tomato leaves diseases detection approach based on support vector machines. Authors described the techniques of tomato leaves diseases detection and diseases are early blight, powdery mildew. Image pre-processing involved various techniques such as smoothness, remove noise, image re-sizing, image isolation and background removing for image enhancement. 
Khirade and Patil, 2015, proposed a image processing technique in which pre-processing involves conversion RGB images to grey using the equation f(x)=0.2989*R+0.5870*G+0.114*B and removing objects and noise in image. Boundary & spot detection algorithms are configured in segmentation to find leaf infected part. After that H&B components and color cooccurrence methods are used to extract various features. Binary images are created from grey images by Otsu threshold algorithm and diseases are classified and identified using both artificial neural network and back propagation network along with K-means method.  
Qin et al., 2016, proposed a feasible solution for lesion image segmentation and image recognition of alfalfa leaf disease. The Relief method was first used to extract a total of 129 features, and then an SVM model was trained with the most important features. The results indicated that image recognition of the four alfalfa leaf diseases can be implemented and obtained an average accuracy of 94.74%. These approaches have been applied for classification of tomato powdery mildew against healthy leaves using thermal and stereo images. 
Sladojevic et al., 2016, proposed a novel approach based on deep convolutional networks to detect plant disease. By discriminating the plant leaves from their surroundings, 13 common different types of plant diseases were recognized by the proposed CNN-based model. The experimental results showed that the proposed CNN-based model can reach a good recognition performance, and obtained an average accuracy of 96.3%.
 Sungkur et al., 2016, implemented a reliable and efficient automated system to recognize fungi-caused disease spots on sugarcane leaves. Pictures of the latter have been taken in a controlled environment using a digital camera. Several descriptors such as Aspect Ratio, Eccentricity, Circularity and Moments Analysis have been analyzed to assess their suitability to recognize the spots. Moments Analysis has proved to be the most useful. A combination of descriptors that gave the best performance has been used to develop the automated system. And proposed a system for detection of Leaf diseases with help of the feature extracted by the machine learning approach.  They have developed based on computer image processing for grading of plant diseases. The result gives the technique for detection of plant diseases. K means clustering and OTSU thresholding methods are used for segment the image.
Sandesh Raut and Amit Fulsunge, 2017. introduced a modern technique to find out disease related to both leaf and fruit. To overcome disadvantages of traditional eye observing technique, we used digital image processing technique for fast and accurate disease detection of plant. In our proposed work, we developed k-means clustering algorithm with multi SVM algorithm in MATLAB software for disease identification and classification.
Gaurav Kshirsagar and A. N. Thakre, 2018. used digital image processing technique for fast and accurate disease detection of plant. In our proposed work, we developed k-means clustering algorithm with multi SVM algorithm in MATLAB software for disease identification and classification.
Nazari et al., 2022, Prepared 272 tomato leaf images from the farm of the Vali-e-Asr University of Rafsanjan, including 100 healthy leaves and 172 infected leaves with both Alternaria and leafminer at the initial stages. The image processing technique, texture, neural networks and adaptive network-based fuzzy inference system (ANFIS) classifiers were used to diagnose Alternaria disease and leafminer pest on this dataset.
Rahman, et al., 2023, presents an image processing-based techniques for the automatic detection and treatment of leaf diseases in tomato crop. In the proposed method, 13 different statistical features are calculated from tomato leaves using Gray Level Co Occurrence Matrix (GLCM) algorithm. The obtained features are classified into different diseases using Support Vector Machine (SVM). The processed leaf is compared with the stored features on the basis of which disease is recognized. Data are collected from local tomato crop fields and the dataset is divided into a training set and a test set used in the experiments. Experimental results show that the proposed method provides excellent annotation with accuracy of 100% for healthy leaf, 95% for early blight, 90% for septoria leaf spot and 85% late blight. The proposed method is implemented in the form of a cell phone application.
Patwal et al., 2024, aimed to diagnose tomato leaf disease using Color Moments,                                capturing Mean, Standard Deviation, and Skewness. Photos of leaves with Septoria Leaf Spot,
Early Blight, and Late Blight undergo feature extraction and segmentation. Color Moments
from various channels distinguish infected from healthy leaves, advancing automated disease
recognition. The approach, leveraging machine learning and image processing, enables
accurate, early diagnosis crucial for disease control. It underscores Color Moments adapt-
ability for photo indexing and sets a framework for categorizing plant ailments. This tech-
nology’s development highlights the importance of image-based methodologies in plant
pathology, promising enhanced automation and accuracy in disease diagnosis
Digital technology can make the task of detection and identification of diseases easy and reliable. By using automation such as image processing for the detection of plant diseases, the accuracy of prediction of the disease is high; it reduces human effort and provides the best results. This paper introduces MATLAB based image processing technique for accurate detection and identification of tomato plant leaf diseases and recommends pesticide
2. Materials & Methods
2.1 Iterative and Incremental Method:
     Tomato leaf disease detection System contains some stage or phase of development method such as planning stage, analysis and design, Testing and Evaluation.
2.1.1 Planning Stage
     The first stage in developing a Tomato Leaf Disease Detection System using image processing is planning. This involves gathering comprehensive information to clearly define the problem statement, set objectives, and determine the scope of the system. To accomplish this, we conducted an extensive review through the available articles. In addition, we also visited Tomato farms and engaged directly with farmers to understand the types of diseases affecting tomato crops throughout the year (Plate 1 & 2). These interactions provided valuable insights into the challenges farmers face and the potential solutions that a disease detection system could offer.
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Plate 1 View of Tomato Plants in Field at Dalsanur, Srinivaspur
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Plate 2 – View of Diseased leaves of Tomato Plant


2.2 Software and Hardware Requirement
		There are several things that should be considered to make sure the development stage of the system can run successfully. There are software and hardware specification. Software is a conceptual entity which is a set of computer programs, procedures, and associated documentation concerned with the operation of a data processing system. 
		Hardware is component devices which are typically installed into or peripheral to a computer case to create a personal computer upon which system software is installed including a firmware interface. The software and hardware requirement for Tomato Leaf Disease Detection System development has been identified as shown in Table 1
Table 1 Software and Hardware Requirement
	Software
	Hardware

	Operating System- Microsoft Windows 10 Home and above
	Intel® Core i7-9750H Processor 2.6GHz Processsor and 16GB DDR4-2666 SDRAM (16 GB)

	Microsoft Office Word
2013 and above
	

	Adobe Acrobat Reader X
	

	MATLAB 2020
	


2.2.1 MATLAB
	MATLAB (Matrix Laboratory) is a fourth-generation high-level programming language and interactive environment for numerical computation, visualization and programming. MATLAB is developed by Math Works.
	It allows matrix manipulations; plotting of functions and data; implementation of algorithms; creation of user interfaces; interfacing with programs written in other languages, including C, C++, Java, and FORTRAN; analyze data; develop algorithms; and create models and applications. It has numerous built-in commands and math functions that help you in mathematical calculations, generating plots, and performing numerical methods.  It is a high-level language for numerical computation, visualization and application development. It also provides an interactive environment for iterative exploration, design and problem solving.
MATLAB (Matrix laboratory) is a multi-paradigm numerical computing   environment.   This programming language developed by Math Works, MATLAB allows matrix manipulations, plotting of functions and data, implementation of algorithms, creation of user interfaces and interfacing with programs written in other languages, including C, C++, Java, Fortran. Although MATLAB is intended primarily for numerical computing, an optional toolbox uses the MuPAD symbolic engine, allowing access to symbolic computing abilities. An additional package, Simulink, adds graphical multi-domain simulation and model-based design for dynamic and embedded systems.
2.3 Analysis and design stage
In this stage the following diseased stage leaves were collected and analyzed using Matlab software  
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Fig.1 Flow chart of Tomato leaf disease detection System
23.1 Image Acquisition dataset :
The RGB colour images of tomato leaf are captured using a Canon Power Shot G2 digital camera, with pixel resolution 768x1024. The digitized images are about 225 KB size each. Those images are cropped into a smaller image with dimension of 109 x 310 pixels. There have collected about 14 data samples. It consists of three types of tomato leaf diseases as shown below. Images are stored in BMP format. The prototype uses Mat lab image processing library. The input images that were taken and presented in Plates 3 to 16.
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	Plate 3 Disease-Early Blight
	Plate 4 Disease- Septoria leaf spot
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	Plate 5 Normal tomato leaf                              
	Plate 6 Disease – Bacterial Wilt
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	Plate 7 Disease – Septoria leaf spot                             
	Plate 8 Disease- Leaf Mold
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	Plate 9 Disease- Leaf Mold                                    
	Plate 10 Disease- Septoria leaf spot
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	Plate 11 Disease- Septoria leaf spot                                                  
	Plate 12 Disease - Early Blight 
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	Plate 13 Disease- Early Blight
	Plate 14 Septoria Leaf spot
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	Plate 15 Disease – Bacterial Wilt disease                                        
	Plate 16 Normal Tomato leaf



2.3.1.1Image Segmentation and Pre-Processing
 	The main objective of this process is to obtain the binary image with less noise or noise free. In order to achieve high accuracy, an appropriate silhouette should be obtained. The RGB image is converted into a binary image using threshold method, as shown in Fig 2. A morphological algorithm is used to remove noises by using region filling technique.
[image: ]
                                                   With noise          without noise
Fig. 2 View of  Binary image
a. [bookmark: _TOC_250036]Feature Extraction using Texture Analysis
[bookmark: _TOC_250035]The image analysis focused on the shape feature extraction and color-based segmentation.
b. Image Classification
The production rules have been developed through serial interviews with agricultural expert based on above characteristics, such as lesion type, boundary color, spot color, and broken tomato leaf color, tomato diseases are recognized using production rule method with forward-chaining method. First, the image is converted to the grayscale image. The function of G = rgb2gray(Z)is used to convert into the grayscale image. Then, the intensity of image is adjusted by calling function that specifies lower (bottom 1% of all pixel values) and upper limits (top 1% of all pixel values) that are used for contrast stretching the grayscale image.
c. Filtering:
Filtering is one of the processes in image enhancement. The function of filtering is to remove noise and to smooth out the image acquired. The average filtering is applied in this system. Filter h = fspecial ('average'); is applied to the image by function F = imfilter (G, h,'symmetric'). Symmetric means input array values outside the bounds of the array are computed by mirror-reflecting the array across the array border.


Threshold image is consist only with binary pixels where an object pixel is given a value „1‟ (remarked by white color) while background pixel is given value of „0‟ (remarked by black color). The image of grayscale image with fltering is convert to binary image by function BW = im2bw(F,level)
As the software progresses, the implementation of Tomato Leaf Disease Detection System using Image Processing will need to test the software for improvement and proper implementation. Image acquisition is the first step in system development to get the sample or image. For Tomato Leaf Disease Detection System using Image Processing, some of the sample is already taken from the internet and some of the sample manually captured in DSLR. The sample is already has kept into the folder in computer. So, there is no process of image acquisition.
The software platform that is used to execute the system is MATLAB 2020. In this system, the image is loaded from the folder in computer named “Tomato” by the user. User can choose which image to be load. When the user browses the image by clicking the Browse Button, the system starts to search the image stored.
2.4 Testing and Evaluation
	An Automatic leaf disease detection app was developed through Image Processing in Mat lab software and same has been tested in the tomato plant of actual field conditions.
3. Results and Discussion 
		Datasets are prepared with taking multiple images of each disease. Images are taken from camera, and at various locations of the farms along with some standard images from different agricultural institutes are also used in preparing dataset. The percentage accuracy is defined as the ratio of correctly recognized image samples to the total number of test image samples. The Percentage accuracy is given by Equation:

		The code is developed to run the program to identify the diseased leaves in tomato. The same is diagonosed using the software is depicted in Fig. 2
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	Fig 3 Running the Code & Selecting the Image
	Fig 4. View of the Resized diseased Image using Matlab
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	Fig 5. Obtaining the Noised image
	Fig 6. Noise removed from the image
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	Fig. 7 Categorization & Separation of the normal part and diseased part of the leaf
	Fig.  8 Detection of the disease that has affected the plant
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	Fig. 9 Application of Recommended pesticide for the disease



The developed software provides an efficient and user-friendly solution for the early detection and management of diseases in tomato plants. By simply scanning the leaves using the app, farmers can accurately identify various diseases affecting tomato crops without requiring the presence or guidance of agricultural experts. In addition to disease identification, the app also recommends suitable pesticides tailored to the specific disease diagnosed, ensuring precise and effective treatment. This innovative tool empowers farmers to take immediate and informed decisions, allowing them to intervene at the early stages of disease development. As a result, crop damage is minimized, yield losses are reduced, and overall productivity is enhanced. The app not only saves time and labor but also promotes cost-effective and sustainable farming practices by guiding appropriate pesticide usage. Ultimately, this technology bridges the knowledge gap for farmers, particularly in remote or underserved areas, contributing to smarter and more resilient agricultural systems.
Conclusion
An Automatic leaf disease detection app developed through Image Processing in Matlab software which will help farmers without consulting an agricultural expert. When a farmer is uncertain about a diseased leaf, he can capture a photo through his phone through the developed detection system and the photo will be processed through algorithms. After processing, the disease along with the pesticide to be sprayed will be displayed. This automatic detection system will save time, money and ensure better disease management. But it could be developed for other plants for both leaves and fruits. Improvements in automation would help farmers and agricultural community to identify diseases in earlier stage and would prevent further damage to the plant. 
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