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Abstract 

However, the agricultural industries have to deal with many issues caused by plant disease, poor 

productivity, lack of expert knowledge, loss of soil nutrients and many others. There are numerous 

issues in identifying plant disease as early as possible, due to the fact that the process of cultivation is 

on a large scale, where manual monitoring is impossible, and requires much time and expertise, which 

is unattainable in rural areas. Early identification of leaf disease can save a lot of money otherwise 

incurred, and can even increase crop yields. Hence, agriculture in India desires to increase yield 

without causing any damage to the environment. Therefore, the purpose of this project is to create an 

automatic leaf identification system based on image processing algorithms, to help farmers identify 

disease in plants to enhance their productivity and yield, thereby saving a lot of money and time. For 

this project, various technologies like image processing, machine learning, and deep learning are used 

for the identification and analysis of images. Python programming language has been used along with 

various libraries such as OpenCV and NumPy for image processing operations. Machine learning 

techniques such as Convolutional Neural Networks (CNN) are used for classification. 

TensorFlow/Keras is used for model training and evaluation. 

 

It is well understood that agriculture continues to play a key role in the maintenance of economic 

stability and food security in many developing nations, where a major part of their population relies 

on agriculture as a source of income. With the rapid increase in population, climatic fluctuations, and 

various biotic stressors, the need for sustainable agriculture practices has become more pressing than 

ever before. Among all the other issues, diseases affecting crops rank high on the list of important 

considerations. Crop disease detection is crucial not only for food security but also for reducing 

unnecessary pesticide use. 

Conventional methods of disease identification in plants involve manual visual examination by 

knowledgeable agronomists and plant pathologists. Nevertheless, this process can be cumbersome, 

subjective, and difficult to implement in large agricultural setups. In rural areas where access to 

experts is limited, disease detection becomes even more challenging. This highlights the need for the 

development of efficient disease detection mechanisms that can provide real-time assistance to 

farmers. 

New developments in artificial intelligence, specifically deep learning, have made substantial impacts 

in image classification applications. Convolutional Neural Networks (CNNs) have been shown to 

yield impressive results in image recognition applications because of their capability to automatically 

learn hierarchical representations of features directly from images. Deep learning algorithms have 

been utilized in several works for classifying plant diseases through images of plant leaves, where 
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they have attained accurate classification performances on datasets like the PlantVillage dataset. 

Although these findings confirm the potential for the use of AI-powered plant disease detection 

applications, additional studies must be conducted to determine the practicality of the models. 

In this study, we introduce an image classification model that leverages deep learning techniques to 

detect plant diseases from images of leaves. The main objective is to train and assess various deep 

learning-based convolutional neural networks for multiclass classification of crops suffering from 

different diseases. A detailed analysis of performance metrics such as accuracy, precision, recall, F1-

score, and confusion matrix is provided. Further, 

optimization and architectural comparisons are explored to identify the most effective configuration 

for practical implementation. 

Through the incorporation of computer vision and deep learning algorithms in agriculture diagnostics, 

this study is set to make contributions towards the development of intelligent decision-making 

systems that enhance early detection of diseases, reduce crop losses, and promote sustainable 

agriculture. The results generated from this study highlight the potential use of CNN algorithms in 

crop monitoring applications and serve as a basis for further developments in the field. 

 

 

 

Problem Statement 

Through the use of computer vision and deep learning methodologies in agricultural diagnosis, this 

research seeks to be a step towards developing intelligent decision-making tools that assist in 

detecting diseases early, reducing crop damage, and promoting sustainable agriculture. The results 

obtained from this research give an understanding of the effectiveness of CNN models in crop health 

monitoring and pave the way for further innovations in real-time disease detection systems. 

Agriculture is fundamental in guaranteeing food security and sustaining the lives of millions of people 

worldwide, especially in developing nations. Nevertheless, crop production is adversely influenced by 

plant diseases that cause huge financial losses and lower agricultural production each year. Detection 

of crop diseases at the initial stage is paramount in controlling infections, mitigating yield damage, 

and curbing excessive pesticide use. Nonetheless, disease detection in several agricultural areas is 

done manually by farmers or agricultural specialists. 

There are several limitations when manually diagnosing diseases. First, it takes a lot of time to 

complete the process, and it is very subjective. Secondly, it heavily relies on the expertise and 

presence of plant pathologists. In many developing countries, farmers do not have access to these 

experts. Therefore, late and wrong diagnoses become common. Moreover, it is difficult to identify the 

disease because of its visual similarities to other diseases. 

In conjunction with the developments in AI and computer vision techniques, automatic disease 

detection based on imaging technology has gained considerable traction. CNNs have proven to be 

effective in image classifications. Nonetheless, most current models rely heavily on datasets like the 

PlantVillage dataset. Although the results are accurate enough in a lab environment, there are still 

some issues in terms of the effectiveness and efficiency of the model itself. 

As a result, the main challenge being solved in this research involves designing a deep-learning-based 

framework that would be able to classify crop diseases based on the images of the leaf samples. In 

order to achieve this, it is necessary to create a framework that will guarantee reliability in multi-class 
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disease detection while remaining scalable and adaptable. Solving these issues will help in developing 

intelligent decision support systems that will allow the early detection of crop diseases. 

 

 

Literature Review 

The incorporation of deep learning algorithms in agriculture disease diagnostics has greatly boosted 

this area. The existing machine learning algorithms had been based mostly on hand-crafted feature 

extraction techniques such as color, texture, and shape features, combined with classification 

algorithms including SVM and KNN. Although some level of success was reached through this 

approach, its efficiency depended highly on manual effort put into feature extraction and the domain 

knowledge. The development of CNNs has completely changed this trend, allowing hierarchical 

feature extraction from raw images automatically. 

One of the pioneering studies carried out in this field is one by Sharada P. Mohanty et al., who applied 

deep CNN structures on the PlantVillage data set. This study showed that transfer learning with pre-

trained models like AlexNet and GoogLeNet could be used to attain more than 99 percent 

classification accuracy under favorable conditions. 

Additional work was done by Konstantinos P. Ferentinos (2018) who tested a range of CNN structures 

for disease detection among different plant species. The research found out that deep learning systems 

clearly outperform conventional machine learning systems because of their greater capability in 

capturing visual features. In addition, Brahimi, M., et al. (2017) considered the classification of 

tomato leaf disease using CNN and focused on visualization methods for interpreting the extracted 

features from the CNN structure. 

There has also been comparison of lightweight models that can be used for implementation. Elijah C. 

Too et al. (2019) compared the performance of pre-trained deep models like MobileNet, ResNet, and 

DenseNet, proving that lightweight models can give equally accurate results but at a lesser 

computational expense. Furthermore, an analysis done in Plant Disease Diagnosis and Image 

Classification Using Deep Learning proves that CNN models outperform traditional models like 

SVM, KNN, Decision Tree, and Random Forest for classification of diseases in rice and potatoes. 

Although the results are quite accurate according to these studies, the experiments were mostly 

performed using data that is organized and have consistent backgrounds, among other conditions. This 

poses some worries regarding the ability of models to generalize in actual farming environments due 

to changes in lighting, backgrounds, and noise in images. Additionally, there are very few studies 

concerning optimizing computations for edge devices. 

Conclusion 

In conclusion, the available literature has shown that CNN methods are very effective in the diagnosis 

of plant diseases. However, robustness, generalization, and implementation of CNNs still pose 

unsolved research issues. This study takes advantage of this previous work in order to implement an 

optimized model for multi-class classification of crop diseases. 

 

 

Research Methodology 
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The study employs an organized experimental approach that will allow the creation and testing of a 

deep learning-based solution to automate crop disease identification. The experiment will be carried 

out following an organized process involving data acquisition, image processing, system design, 

training, optimization, and testing. The goal is to create an effective multi-class classification system 

that can correctly identify crop diseases from leaf images. 

The plantVillage dataset is used for this experiment. It is an open-source dataset that includes labeled 

pictures of healthy and unhealthy leaves of different crops. It was arranged and divided into three sets 

such as train set, test set, and validation set. Moreover, the data set was divided using stratification to 

make sure that the representation of all disease classes remains the same in all sets. 

Before the actual training process, some image preprocessing was conducted on the dataset to prepare 

the data for the machine learning model. The first preprocessing step involved resizing all images to a 

consistent size that matches the expected input size for the neural network. Normalizing the pixel 

values was necessary to ensure that the machine learning model can learn from the images effectively 

and efficiently. Some data augmentation techniques were also used on the training data to improve 

generalization and prevent overfitting. 

The heart of the suggested approach is based on the development of a Convolutional Neural Network 

(CNN). The network is made up of convolution layers that learn spatial attributes like color 

information, textures, lesion boundaries, and so forth. Activation functions are employed in order to 

add expressiveness to the model, and pooling layers are employed to decrease the spatial dimension of 

the problem and computational cost. Finally, fully-connected layers are added to create a connection 

between learned features and the diseases that will be used as output classes, with the Softmax 

activation being applied in the last layer. 

Aside from the creation of a CNN that is specific for the task, transfer learning via MobileNetV2 was 

performed to determine its effectiveness compared to the former. The pre-trained network was 

optimized for the target dataset by modifying its classification layer without altering the learned 

features. This method is more efficient in terms of time and performance, especially with fewer 

training samples. 

Model training was done using Adam optimizer with an appropriately chosen learning rate to 

guarantee fast and effective convergence. Categorical cross entropy was used as a loss function to 

measure the prediction error in a multi-class classification problem. Model training was carried out 

over several epochs using mini-batch gradient descent. Performance during validation was checked to 

avoid any signs of overfitting. 

Evaluation of the performance of the trained models was done by means of using various 

classification metrics such as accuracy, precision, recall, F1 score, and confusion matrix. The training 

and validation losses curves were compared to investigate how well each architecture is converged. 

Comparison of different models was made to find out the most efficient architecture. 

This research methodology ensures a comprehensive evaluation of deep learning approaches for crop 

disease detection while maintaining scientific rigor and practical relevance for real-world agricultural 

applications. 

 

 

 

System Design and Implementation 
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The suggested system for detecting diseases in crops employs a modular deep learning algorithm for 

the purpose of classifying image data pertaining to leaves and identifying the diseases associated with 

them. It uses a step-by-step process comprising steps such as data collection, data pre-processing, data 

feature extraction, data classification, and finally the assessment of results. 

At the architectural level, the system consists of four main components, which include the input layer, 

feature extraction component, classification component, and output layer for prediction. The input 

layer acquires images of the leaves obtained from the PlantVillage database. The images are initially 

normalized in terms of size and scale to ensure consistency across the inputs. Additionally, the data 

preprocessing component utilizes image augmentation methods during training. 

The Feature Extraction module has been designed using the Convolutional Neural Network (CNN) 

model. The CNN contains several layers of convolution operations with filters, which automatically 

extract the spatial features like texture, color gradient, lesion edges, and patterns associated with 

diseases. The ReLU function acts as an activation function after each layer of convolution operations, 

thus introducing nonlinearity in the model. The Max Pooling method is added to minimize the 

dimensions of input data, preserving important features, and minimizing the computational cost 

involved in training. Batch Normalization helps in stabilizing the model and accelerating the process 

of convergence. 

The next step is classification where fully connected dense layers process the features extracted from 

the image and classify the image according to the diseases. The output layer will use the Softmax 

activation function to create probability distribution over multiple classes. Finally, the class with the 

maximum probability value will be chosen as the predicted class label. Apart from custom CNN 

architecture, another approach adopted for disease prediction was based on transfer learning utilizing 

the MobileNetV2 model. In transfer learning, the model was trained only on the target data by fine-

tuning the top layers of the network. 

The implementation of the system was carried out using Python programming language with deep 

learning libraries including TensorFlow and Keras. Model development and experimentation were 

performed in a GPU-enabled environment using Google Colab to accelerate training. The Adam 

optimizer was employed with a carefully selected learning rate to ensure stable gradient updates. The 

categorical cross-entropy loss function was used to optimize the multi-class classification objective. 

Training was conducted over multiple epochs with mini-batch processing, and validation performance 

was monitored to prevent overfitting. 

 

The performance evaluation of the models was done through measures such as accuracy, precision, 

recall, F1 score, and confusion matrices for the general and class-level predictions respectively. The 

loss function was studied through graphs for training and validation sets to see how well the models 

converged during the training process, whether there was any case of overfitting, and how it compared 

across the two models. 

In terms of deployment feasibility, the system prototype was implemented using Streamlit, whereby 

users can upload images of leaves and get instantaneous predictions for diseases present on the leaves. 

This is a good indication of how practical the system is in terms of application. In general, the design 

of the system incorporates feature extraction using deep learning algorithms coupled with evaluation 

and deployment feasibility. 

https://ijsrem.com/


          
            International Journal of Scientific Research in Engineering and Management (IJSREM) 

                                 Volume: 10 Issue: 04 | April - 2026                             SJIF Rating: 8.659                           ISSN: 2582-3930                                                         

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM61419                                |        Page 6 
 

 

 

 

https://ijsrem.com/


          
            International Journal of Scientific Research in Engineering and Management (IJSREM) 

                                 Volume: 10 Issue: 04 | April - 2026                             SJIF Rating: 8.659                           ISSN: 2582-3930                                                         

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM61419                                |        Page 7 
 

 

    

 

 

https://ijsrem.com/


          
            International Journal of Scientific Research in Engineering and Management (IJSREM) 

                                 Volume: 10 Issue: 04 | April - 2026                             SJIF Rating: 8.659                           ISSN: 2582-3930                                                         

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM61419                                |        Page 8 
 

Summary of System Design and Implementation with Discussion and 

System Limitations 

The proposed image classification system for crop disease detection consists of a modular deep 

learning-based image classification system for automatically detecting crop diseases based on the 

image analysis of their leaves. This system adopts a systematic architecture starting from image input 

followed by image pre-processing, feature extraction using a Convolutional Neural Network (CNN), 

and classification using fully-connected layers before disease prediction using the Softmax layer. 

The data used in training and testing of the machine learning model is the PlantVillage dataset that 

consists of labeled images of healthy leaves and plant leaves infected by various diseases. In 

implementing the model, all images were scaled down to have a constant size and normalized to 

enable consistency in input data. Data augmentation was used to increase the ability of the model to 

generalize and prevent overfitting. The CNN model is capable of extracting hierarchical features such 

as colors, textures, and lesions from the images. The fully connected layers analyze the features and 

assign labels based on specific diseases to which the images belong. The project is implemented in 

Python using TensorFlow and Keras frameworks, and training takes place in a GPU-supported 

environment. 

Discussion 

The proposed solution proves that image classification based on deep learning is extremely effective 

in identifying diseases of crops. Discriminative visual features have been learned effectively by the 

architecture of CNN without any need to design them manually. Results show a great ability to 

classify images under ideal circumstances of a given data set, confirming the effectiveness of the use 

of artificial intelligence for agriculture diagnostics. 

Nevertheless, even when high accuracy is obtained from benchmark data sets, such achievements 

should be taken with a grain of salt because benchmark data sets usually have consistent backgrounds 

with leaf images that are centered within them. This may not necessarily reflect actual agricultural 

settings, where there may be more distractions. 

System Limitations 

However, although the suggested approach works well, there are some restrictions related to it. Firstly, 

the system uses mainly the data from the PlantVillage database, which includes only controlled, 

laboratory-like images. As a result, it is not possible to predict the probability of disease occurrence in 

real-life situations when environmental diversity is much larger. Secondly, only the classification of 

plant images is considered in the process, while such important factors as humidity, air temperature, 

and soil composition are neglected. Moreover, high computer demands of deep learning methods 

could prevent deploying the system on resource-limited devices. 

In conclusion, the proposed system design and implementation provide an excellent platform for 

automating crop disease detection with deep learning. Although the findings obtained are 

encouraging, it is important to tackle issues of generalizability, efficiency, and expanded capabilities 

to achieve real-world application. 

 

 

Future Scope 
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The presented crop disease detection method based on deep learning shows outstanding performance 

when applied to classify data from the PlantVillage repository; however, there are still ways to 

improve and develop the existing study in order to make it more applicable to reality. 

Another important aspect of future studies is the evaluation of the model using real-field images taken 

in different environmental settings. Although benchmark datasets contain carefully labeled images in 

controlled environments, there are several difficulties in the field environment that may include 

complicated background conditions, non-uniform illumination, occlusions, varying levels of camera 

quality, and more than one leaf per image. The addition of real-field image datasets will increase the 

practical applicability of the model. The role of domain adaptation techniques can be further 

examined for this purpose. 

Another significant direction for further research and development would be the application of 

techniques for the optimization of lightweight models, especially for deployment in an edge setting. 

Even though CNN architectures perform well in terms of accuracy, the computational complexity 

required for executing such models might hinder deployment in constrained settings. Methods for 

model optimization including techniques like pruning, quantization, and knowledge distillation can 

help minimize the number of computations without compromising accuracy. The efficient architecture 

can be further optimized and used for real-time disease detection on handheld and embedded devices. 

Another possible avenue for future research is the adoption of multi-modal data integration 

techniques, which could help improve the level of prediction accuracy. Apart from the use of leaf 

pictures, environmental parameters such as temperatures, humidity levels, soil moisture, and season 

could also be included by means of sensor inputs. The use of image-based classification along with 

environmental analyses in a hybrid deep learning environment could allow for the prediction of 

diseases even in their early stages. 

Moreover, expansion of the proposed solution to estimate the severity of the disease is another 

research-worthy endeavor. In addition to recognizing the type of the disease, the proposed system can 

be enhanced to recognize the severity of the problem by assessing the area of lesions on leaves as well 

as their distribution patterns. This way, the farmers will know how much pesticides to use. 

The other promising technology is the inclusion of an object detector like the Region-Based 

Convolution Neural Networks that will help in identifying various infected zones from one picture. 

This will help in dealing with more complicated situations in the field where there might be different 

plants affected by different diseases on a single image. The technology can also be integrated with the 

GIS technology. 

Long-term perspective sees the creation of an integrated decision support system as the next possible 

step in this study. The integration of all of the previously mentioned aspects can result in the creation 

of an intelligent agricultural advisor system, where cloud deployment together with a mobile 

application would play an important role. 

In conclusion, the future scope of this research is in making the algorithm more robust for practical 

applications, increasing its computational efficiency, adding other functionalities besides 

classification, and incorporating the model within smart agricultural systems. Such developments 

have the potential to greatly enhance sustainable agriculture and farm productivity. 

 

 

Conclusion 
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This paper proposed a deep learning approach for the automatic detection of crop diseases through 

image classification. It highlighted the drawbacks of existing manual approaches to disease 

identification, which tend to be tedious, subjective, and unsuitable for application on a large scale. 

The results showed how well artificial intelligence can be utilized in disease detection through leaf 

images. 

The models designed were tested on the PlantVillage database for their ability to classify crops with 

multiple diseases. The performance of the models was analyzed using performance measures such as 

accuracy, precision, recall, F-measure, and confusion matrix analysis to provide a balanced view of 

their performance as classifiers. The experimental analysis shows that deep learning models, 

especially CNNs, work extremely well in feature extraction and discrimination between healthy and 

diseased crops. 

The comparison between a customized CNN structure and transfer learning approaches indicates the 

conflict between efficient computation and prediction accuracy. Despite the excellent feature learning 

capabilities of deep customized CNN structures, the advantage of lightweight pre-trained networks 

lies in their fast training process and applicability, which makes them ideal for practical agriculture 

operations. The utilization of data preprocessing methods, data augmentation, dropout regularization, 

and model performance assessment helped to enhance model performance. 

However, since the experiment performed has demonstrated a high level of accuracy in classification 

on condition of dataset control, the researchers underline the necessity of testing the algorithm in real-

life situations to prove its feasibility. The results obtained by the researchers in their study highlight 

the significance of using artificial intelligence in decision-making for precise agriculture. Disease 

detection tools can be helpful for farmers in disease diagnosis and pesticide application management. 

Conclusion 

To conclude, this paper creates a good basis for developing intelligent systems capable of detecting 

diseases among plants and shows that image classification using deep learning can be a viable and 

scalable approach to agricultural diagnosis. Besides the scientific contribution in agricultural 

computer vision research, the framework presented in this paper provides avenues for practical 

application via web and mobile applications. 

 

 

Closing Remarks 

The crop disease identification system proposed by us shows that deep learning-based image 

classification can effectively automate the process of identifying any crop disease. Using the 

architecture of CNN models that are trained using images from PlantVillage, our system is able to 

perform accurate multi-classification. 

Even though the findings are encouraging in a controlled environment, more work needs to be done to 

increase efficiency when applying them in the real world. In conclusion, the findings from this study 

have contributed significantly to the development of intelligent and technology-oriented solutions for 

crop health monitoring. 
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