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Abstract— In agriculture, early disease detection is crucial for increasing crop yield. The diseases Microbial Blotch, Late Blight, Septoria leaf 

spot, and yellow twisted leaves all have an impact on tomato crop productivity. Automatic plant illness classification systems can assist in taking 

action after ascertaining leaf disease symptoms. This paper emphasis on multi-classification of tomato crop illnesses employs Convolution 

Neural Network (CNN) model and Learning Vector Quantization (LVQ) algorithm-based methodology. The dataset includes 500 photographs of 

Tomato foliage with four clinical manifestations. CNN paradigm performs feature extraction and categorization in which color information is 

extensively used in plant leaf disease investigations. The model's filters have been applied to triple conduit similar tendency on RGB hues. The 

LVQ was fed during training by a yield countenance vector of the convolution component. The experimental results reveal that the proposed 

method accurately detects four types of solanaceous leaf diseases. 

Keywords-Leaf Disease Detection, Leaf Disease Classification, Convolution Neural Network(CNN), Learning Vector Quantization(LVQ). 

 

 

I. INTRODUCTION 

Flora illnesses have quite an effect on vegetation 

development as well as agricultural production and the social, 

ecological, and economic well-being of husbandry. Late 

research on leaf malady demonstrates how it affects plants. 

Plant leaf disorder causes substantial economic detriments for 

ranchers. Former sickness detection requires particular care 

Pathogens are intensively investigated in journals, with an 

emphasis on organic characteristics whoever vile their forecasts 

are visible surface on vegetation and foliage. The early disorder 

diagnosis appears critical and also effective disorder conduct. 

Individual specialists usually executed detection. They could 

detect ailments graphically, but they face obstacles that might 

jeopardize their efforts With such circumstances, detecting 

along with categorizing illness is critical to complete tasks 

precisely and on schedule outstanding paramount[1]. 

The relentless utilization of CNN models in picture 

classification hurdles in the past decade. Deep learning may be 

conceived of as a neural network-based learning approach. 

Deep learning has the benefit of automatically extracting 
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features from photos. Albeit on training, a neural tracery 

discovers on excerpting visage. CNN is a deep learning 

paradigm based on a multi-layer feed-forward neural grid. 

Artificial intelligence progression now allows for automated 

plant disease identification from raw pictures. [2]. Interminably 

an immense candid foliage baseline and various pre-trained 

CNN models were run. Their research indicates that CNN is 

well suited to automated plant disease identification [3]. 

Leveraging CNN and Deconvolutional Networks (DN), 

we provide a hybrid version for retrieving contextual 

information from morphological characters [4]. To identify 

illnesses, Pre-trained CNN models, AlexNet and Squeeze were 

used on tomato leaves from available data [5]. A post model 

was fine-tuned, and a novel CNN model was devised to 

anticipate tomato leaf disease Consequently, customized CNN 

algorithms outperformed what was before networks, according 

to their conclusions. Bringing up a reliable CNN model to get 

highly accurate levels is a complex job. [6]. Using multiple 

color components as opposed to a single one is more feasible. 

In the research design, we created a CNN model using the Plant 

Village dataset analysis of tomato leaf R, G, and B elements 

pictures. Because of its topology and flexible model, we chose 

the Learning Vector Quantization (LVQ) methodology as a 

predictor [7]. 

For detecting vegetable leaf illnesses, a trio-conduit CNN 

paradigm following RGB colors was devised The framework 

of leaf picture images is complicated, and the chromatic data 

collected from a specific color constituent is constrained. As a 

result, the feature extraction method achieves less reliable 

analysis. 

Here under is how the paper is structured: Section II 

discusses the LVQ algorithm. CNN is discussed in Section III. 

Section IV outlines the recommended approach for detecting 

and diagnosing plant leaf pathogens Section V assesses the 

results of the experiments. Section VI eventually brings the 

dissertation to a close. 

II. LEARNING VECTOR QUANTIZATION 

Kohonen's [8] Learning Vector Quantization is a neural 

network It mixes competitive and monitored education It's an 

effective yet heuristic strategy. Categorization approach, LVQ 

possess been extensively employed in a variety of petitions 

owing to straightforward regional anatomy along with 

adaptable exemplars. It divides the input data into a certain 

number of classes [9]. It is made up of three tiers: intake, 

Kohonen (contest), but also outcome. The aforementioned 

evaluation of this intake inconstant is collected by neurons in 

the aforementioned layer. Every single neuron in the turnout 

layer reflects a different type of input. Even though the 

Kohonen and input layers are relevant, the Kohonen with 

outcome tiers is just partially coupled. This learning takes place 

in the Kohonen layer. The linear output layer will receive the 

detection performance [3]. LVQ construction depicted in Fig.1 

 

 

 

 

 

 

 

 

Fig.1. The Architecture of LVQ 

Stacked reference vectors are used in LVQ to denote 

classes for learning. The proximity of the intake and 

benchmark vectors is employed to learn. One of the outputs is a 

1, while the rest are all 0s. That category of intake vector is 

specified by the basis vectors with the value 1. The LVQ model 

runs on a "reigning champion" basis, with each iteration 

revising just the parameters of the victorious reference vector 

that is farthest from the input vector. (2) calculates the cluster 

centers from the input vector to each essential substance to get 

the prevailing action. 

d = argmin{ǁx − wiǁ}     (2) 

wherein x is the intake vector as well as wi is the i. 

benchmark vector If the classifier is valid, (3) security 

patches the reference vectors; otherwise, (4) adjusts them: 

wi(t +1) = wi(t)+ η(t)(x −wi(t)) (3) 

              wi(t + 1) = wi(t) −η(t)(x −wi(t))           (4) 

III. CONVOLUTION NEURAL NETWORK 

Deep learning is a multi-layered supervised machine learning 

approach. Every application combines the prior layer's product 

as feed. Learning can occur unassisted, regulated, or tractor-

trailer. Deep learning is a methodology for representation 

learning. The algorithm is proposed for the topic of modelling 

optimization to reveal the utmost feasible method for depicting 

statistics. 

Deep learning doesn't necessitate the segmentation method 

and indexing to be compartmentalized although this framework 

extracts the characteristics through most of the training and 

validation. 

In this investigation, CNN is regarded as a technique for 

deep learning. CNN is adept at deciphering visual images and 
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can easily divide them relying on key choices attributable to its 

multi- layered framework, which can distinguish and categorize 

objects with a reasonable level of pre- processing. The 

convolution layer, The pooling layer, The activation function 

layer, and the fully connected layer are the four primary layers. 

As seen in Fig.2, it is conducted in a variety of scientific areas, 

notably image Authentication, re-sampling, Speech synthesis, 

processing of natural language and bioinformatics all of which 

seem to be typical applications. 

Fig.2. A general architecture of CNN 

A. The ConvNet Layer: 

CNN comes out of a convent. To acquire the depth map of 

the input picture, this slab employs special mathematical 

approaches [10]. A filtration serves to diminish the size of the 

incoming photograph. The patch is spread throughout the panel 

individually, commencing in the upper left corner.The 

attributes mostly in photos are scaled by filtering different 

factors at every phase, or perhaps the outcome is summed. This 

picture is used to generate a new, smaller matrix. Fig.3 depicts 

the convolution layer with a 5x5 frame as well as subsequently 

by a 3x3 filter. 

 

Fig.3 Convolutional technique with a 5x5 source images and a 3x3 

filter 

B. Layering of Pooling: 

The pooling layer is most often placed only after the 

convolution layer. This layer shrinks the size of the convolution 

layer's output matrix. However, Filtering of various sizes may 

be employed in the pooling layer, 2x2 filtering is among the 

most generally chosen. A sieve will be used. You may use 

operations like max pooling, and batch normalization, In this 

stacking, L2-norm pooling is used. The max pooling filter with 

stride 2 employed in this investigation was adopted. The 

maximum frequency in the comment thread is identified and 

moved to a new matrix to obtain max pooling. Fig. 4 portrays a 

pooling mechanism. 

 

Fig. 4 The 2x2 filters and stride 2 with max pooling 

C. Activation Layer:  

In artificial neural networks, The activation framework 

provides a curvilinear link between input and output layers. It 

has a collision on grid staging. The activation function 

facilitates the network's nonlinear learning. Many features, 

even as sequential, slope, and quadratic tan- gent, are 

available, However, The nonlinear ReLU (Rectified Linear 

Unit) activated function is commonly used in CNN. Variables 

less than zero are morphed to zero; however, values larger than 

0 are unaffected (1). 

D. Completely Connected Layer 

The final resulting matrix is supplied as input to the 

substantially convolutional once the inverse, pooling, and 

activation operations were completed. This layer handles 

authentication and categorization. In this experiment, To train 

the data classification, the LVQ method was utilized. Even 

though numerous research studies in the publications use a 

linked design, Due to the evolution of the LVQ, all layers in 

this study are not completely connected. 

IV. A AFOREMENTIONED INTENDED APPROACH IN 

FAVOR OF FLORA FOLIO ILLNESS 

IDENTIFICATION ALONG WITH CATEGORIZING 

Late blight appears on aged foliage as big brown patches 

with green-grey margins. The dots get darker as the condition 

progresses. The malady ultimately affects the entire plant, 

causing significant harm. 

The Septoria Folio Spot: First of all, it occurs on that 

plant's diminished foliage. Circular, Amber, water-sloshed 

patches appear underneath the foliage as indications. Ebony 

and tiny brown dots appear on the foliage. The specks range in 

magnitude from 0.15 cm to 0.65 cm. 

Blonde folio Curl: This disease affects the vegetation to 

originate undersized. Roll the foliage internal and ascend. The 
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foliage relentlessly flexes underneath as a consequence. Foliage 

stiffens, and thickens, along with holding a coriaceous bark 

consistency. Rookie additionally impaired Foliage turns a pale 

yellow. 

After the text edit has been completed, the paper is ready  

 

Fig.5. These instances of sick and robust leaves 

To commence a convolution phase for every picture in 

the dataset, three distinct input matrices for R, G, and B 

channels were obtained. Every intake photo matrix gets 

convoluted four times, and the activation of reLU is functional 

and assumed four times. This max unites algorithm was then 

assumed three times to the output matrix. The first and 

secondary convolutions were done with a 9x9 filter, whereas 

the third and fourth convolutions were done with a 5x5 

filtration. Considering these conclusions, three distinct 3x3 

matrices for R, G, and B channels were established. Following 

the application of these techniques towards certain RGB trait 

pictures, Triple distinct matrices 3x3 were derived out of the 

RGB conduits sequentially. All such matrices are adapted to a 

vector 27x1 in order to supply the neural broadcaster's intake 

layer. To begin with, the matrix depicts nine components of the 

R broadcaster, In addition, the G broadcaster represents the 

other nine components, and the B channel represents nine 

others. 

In conclusion training along with testing were conducted 

using a total of 500 feature vectors obtained from original 

pictures. These were all allocated into 400 for preparation and 

100 for examination. The Kohonen network layer used in the 

LVQ algorithm has a total of fifty neurons, ten neurons for 

every category. The outcome unit is made up of five neurons, 

every representing a distinct group.  

The output region contains 5 neurons to symbolise one 

neuron for each category. In all investigations, the optimized 

epochs have been set at 300. The performance of the system 

was chosen to be 0.1. Fig.6 depicts the architectural language of 

the suggested technique. 

for the template. Duplicate the template file by using the 

Save As command, and use the naming convention prescribed 

by your conference for the name of your paper. In this newly  

 

Fig.6. Depicts the Suggested Method's Architecture 

V. EXPERIMENTAL RESULTS 

Table 1, Illustrates the prediction performance as a 

confusion matrix. For each class, 20 photographs have been 

employed. According to the table, leaves 16 to 18 of 20 for 

each group were correctly classified using this training dataset. 

Merely just a few leaves have indeed been erroneously 

categorized to every area and the table displays which 

classifications these erroneous designations have been tucked 

in. 

To test the potential effectiveness of its suggested 

technique, Undertook a series of trials on ordinary and ill photo 

datasets of tomato folio. In addition, this categorization is 

fulfilled. The paramount challenge is illness identification of 

foliage having various ailments categorized for this analysis is 

quite identical to each of them. As a result of this resemblance, 

certain leaflets may well be bundled into erroneous 

classifications. 

 
Table 1 

 
Table 2 

 

Fig.7. F1 Score of Leaf Disease Parameters 
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VI. CONCLUSION 

This article presents a technique for recognising as well 

as categorising tomato leaflets diseases by Convolutional 

neural networks with learning vector quantization 

methodologies are being used. About 500 photos of tomato 

foliage comprise the collection. To begin convolving each 

picture in the dataset, three independent input matrices for the 

R, G, along with B pathways have been acquired. Every picture 

matrix in the source was subsequently concatenated. Both reLU 

activation function and maximum pooling are part of the output 

matrix. The LVQ method was trained and tested using Five 

hundred feature vectors extracted from the source photos. 

Identification trials were carried out on photographs of 

bouncing and diseased foliage. 
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