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Abstract - Crops are critical to an economy's strength 

and, as a result, diseases can severely affect 

agricultural output and profitability. Detecting 

diseases in crops as soon and as accurately as possible 

is required for effective long-term agriculture. Most 

conventional techniques for finding crop diseases rely 

on human inspection, which can be slow and imprecise, 

and include several different methods of detection. 

This paper introduces an artificial intelligence-based 

approach to detecting crop disease through image-

editing and machine learning processes— specifically, 

deep-learning algorithms. The system recognizes and 

identifies the disease type from leaf image data taken 

with a camera or mobile device. A CNN is trained on 

images of healthy and diseased crops, enabling it to 

classify leaf images by the type of crop disease present in 

them with very high accuracy automatically. 

Additionally, the system creates a profile of the 

pathogen involved to assist farmers with 

recommendations for treatment or prevention of 

diseased crops; this assists farmers in reducing their 

utilization of pesticides and/or crop-damage risk. Our 

results highlight significant improvements in both crop 

productivity and the promotion of sustainable 

agricultural practices using AI as a means for 

achieving smart agriculture. 
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I. INTRODUCTION 

Food security, agricultural production, and the 

financial security of many countries are all primarily 

dependent on agriculture. When crop diseases are 

not recognized in a timely manner, they can greatly 

affect the overall production of crops and, 

consequently, impact the farmer's ability to earn a 

living. Conventional techniques for detecting crop 

diseases are very dependent upon human assistance 

in visually inspecting plants and require the 

expertise of experienced personnel, making them 

slow and sometimes inaccurate. In recent years, 

Artificial Intelligence capabilities and computer 

vision technologies have enabled automated 

methods to detect plant diseases using plant 

imagery. As a result, this research presents an AI-

Based Crop Disease Detection System utilizing deep 

learning algorithms & techniques for analyzing 

images of crop leaves in order to provide timely and 

reliable assistance to farmers in making timely 

decisions. 

II. PROBLEM STATEMENT 

Before a crop disease can create a considerable issue 

to yield and quality, it's usually unrecognised. The 

majority of current detection mechanisms use 

manual inspections, are laborious, and frequently 

subject to errors generated by the inspector. There is 

little access to expert resources for proper 

assessments and diagnoses of crop diseases; 

consequently, a lot of your farmers make poor 

treatment decisions resulting in greater costs on 

input materials and a substantial loss of crops and 

damage to the environment due to improper use of 

pesticides. 
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Due to the high demand for quick, dependable, and 

fully automated systems that can provide early 

identification of crop diseases, there is now a chance 

to create a feasible AI solution that equips farmers 

with the identification of their plants’ issues quickly 

and provides them with effective treatment options. 

III. EXISTING SOLUTION 

In today's world to detect crop diseases it is primarily 

reliance of farmers themselves along with expert 

input through visual checks of crops. While there are 

some advisers from agriculture professionals and 

extension services, this type of help is not accessible 

to many farmers in rural areas where physical work 

would need to occur; thus laboratory tests will work 

but will cost too much and require considerable time 

and resources to process. There also are several 

mobile applications but lack in ability to accurately 

identify problems in plants due to poor standards of 

digital image processing based upon illumination, 

shadowing and/or varying forms present in 

photographs submitted. However, no solution works 

quickly enough, cheaply enough nor include easy 

access for every farmer present. 

A lot of farmers depend on trial and error in their 

pesticide and fertilizer choices, creating more 

production costs through chemical misuse. 

Additionally, there aren’t any integrated systems 

that combine detection of pests with clear treatment 

guidelines and continued support for the farmer. 

IV. DRAWBACK OF EXISTING 

Farmers rely heavily on traditional methods (such as 

experience) to diagnose plant diseases, however, 

these methods are subjective and sometimes result 

in incorrect diagnoses due to the farmer’s 

experience or lack thereof. Many farmers lack 

access to agricultural experts, especially those living 

in rural areas. Laboratory testing and analysis of 

plant samples can take several days to weeks; 

therefore, treatment decisions will be delayed. 

Agricultural mobile apps are often inaccurate 

because of low-quality images or incorrect lighting 

conditions during the time the photo was taken. 

Many agriculture mobile applications do not have 

real- time capabilities and cannot be used in an 

agriculture field. Most agriculture systems lack 

support for local languages and crops found in that 

region. Currently available agricultural mobile 

applications often do not provide appropriate and 

timely recommendations for the treatment of 

agriculture disease. Overuse of pesticides can result 

in expensive treatment and may harm the 

environment. Overall, current crop disease detection 

methods are slow, cost-prohibitive, and unreliable for 

effective large-scale smart agriculture. 

 
Figure 1: Flowchart 

V. MOTIVATION / CHALLENGES 

Increased losses associated with unobserved crop 

diseases in the agricultural sector motivate this 

project. Many farmers need help to obtain expert 

advice on diagnosing crop diseases promptly. 

Climate change has added complexity and 

unpredictability to the typical pathology of crop 

disease, making it difficult to monitor the diseases 

manually over extensive agricultural land. An 

efficient and cost-effective technology solution is 

needed to assist in the early detection of crop 

disease. However, there are challenges related to the 

collection of a variety of high-quality leaf images. 

Changes in illumination, background conditions and 

the angle of the leaves will impact the image’s 

accuracy. To create an accurate AI model for use in 

agriculture, there must be large and accurately 

labelled training datasets available. Furthermore, the 

infrastructure for high-speed internet is severely 

limited or non-existent in rural areas. Nevertheless, 

AI has the potential to enable the transition to smart 

and sustainable agriculture. 

The high cost of advanced diagnostic equipment 

makes it unlikely that small and marginal farmers 

will be able to use said equipment as well as 

language barriers limiting the functionality of 
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many digital platforms. The seasonal variability 

between different geographic regions affects the 

ability of models to be generalised across either 

geographical region or season. Efficient and 

lightweight models are essential for real-time 

deployment. When farmers upload images, there 

must be assurance of the privacy and security of 

their personal data. The development of new models 

on an ongoing basis will be necessary in order to 

accommodate the emergence of new types of 

disease. 

VI. PROPOSED METHODOLOGY 

The proposed system employs a Convolutional 

Neural Network (CNN) to classify crop diseases 

from leaf images. The model extracts important 

features through convolution, activation, pooling, 

and fully connected layers. 

The convolution operation processes the input image 

using a kernel to generate feature maps: 

𝑌(𝑖, 𝑗) =∑∑𝑋(𝑖 −𝑚, 𝑗 − 𝑛) ⋅ 𝐾(𝑚, 𝑛)

𝑛
𝑚

 

where 𝑋is the input image, 𝐾is the kernel, and 𝑌is 

the feature map. 

A Rectified Linear Unit (ReLU) activation function 

is applied to introduce non-linearity: 

𝑓(𝑥) = max⁡(0, 𝑥) 

Pooling is used to reduce the size of feature maps 

while preserving important features, improving 

efficiency and reducing overfitting. 

The extracted features are passed to fully connected 

layers for classification. The model is trained using 

the categorical cross-entropy loss function: 

𝐿𝑜𝑠𝑠 = −∑𝑦log⁡(𝑦̂) 

where 𝑦is the actual label and 𝑦̂is the predicted 

value. 

The performance is evaluated using accuracy: 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
 

where 𝑇𝑃, 𝑇𝑁, 𝐹𝑃, and 𝐹𝑁represent true positive, 

true negative, false positive, and false negative 

values. 

This mathematical model improves the system’s 

ability to accurately detect and classify crop diseases 

from leaf images. 

VII. THINGS USED 

A. Mobile Phone / Digital Camera 

Utilizes clear photographic depictions of crops' 

foliage impacted by diseases. Supplies AI with the 

input data needed for analysis. Guarantees accurate 

detection through high-quality imaging, and allows 

farmers to collect images from the field with ease. 

 
Figure 2: Mobile Phone / Digital Camera 

 

B. Computer or Laptop 

A laptop or desktop computer will develop, train and 

test the AI model for crop disease detection. It 

processes the photos of leaves that are captured and 

analyses using machine learning and deep learning 

algorithms to provide accurate outcomes. It holds the 

dataset and trained models in a secure manner and 

performs monitoring to help the user with accuracy 

and performance. The computer or laptop will 

support the user interface to provide users with the 

disease outcomes and advice on treatment. 

 
Figure 3: Computer or Laptop 
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C. Internet Connectivity 

Farmers and researchers can access online datasets 

by using the cloud, allowing them to upload leaf 

images to machine learning systems. In return for 

their uploaded leaf images, farmers and scientists 

will receive monthly model updates; farmers can get 

real-time updates on disease occurrences and 

potential treatments; and exchange of information 

between farmers and between farmers and smart ag 

service providers is improved to support decision-

making. 

 
Figure 4: Internet Connectivity 

 

D. Python Programming Language 

The predominance of Python for the development 

and implementation of an AI-based crop disease 

detection system was based on its ability to provide 

access to various Image Processing and Deep 

Learning Libraries. In addition, it can process data 

entered through a computer into a form that can be 

processed by the AI algorithm. Following 

processing, it will provide the tools to create, train 

and test the AI algorithm using the processed data. 

All of these can be provided through the integration 

of AI applications developed using Python with 

either web or mobile applications. In addition to 

being easy to use, Python has an easy-to-read syntax 

making it a fast and efficient platform for developers 

building smart agriculture applications. In 

conclusion, Python is a reliable and flexible 

programming language for developing smart 

agriculture applications. 

 
Figure 5: Python Programming Language 

E. OpenCV 

To improve image quality and remove background 

noise from a leaf's image, OpenCV will be used 

during preprocessing and enhancement prior to 

conducting any analyses. That way, AI will have an 

easier time determining if any of the crops in a field 

have a disease or not with greater accuracy and 

reliability. 

 
Figure 6: Open CV 

F. Crop Disease Dataset 

The dataset for agricultural disease includes a set of 

identified photos that show healthy and unhealthy 

plant leaves. Each type of disease highlight different 

ways that the plant may be sick and symptoms 

manifest differently. This helps improve training the 

AI models so that they can tell the difference 

between healthy and unhealthy crops. A larger, more 

varied amount of samples will lead to a more 

accurate and reliable detection by the system. 
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Figure 7: Disease 

 

VIII. CONCLUSION 

This research describes an AI-assisted disease 

detection system for crops that promotes smart 

agriculture by allowing farmers to detect plant 

illnesses quickly. The use of image processing 

combined with deep learning to analyze leaves will 

allow them to accurately classify their health or find 

specific pathogens. This will reduce the number of 

times crops need to be manually checked for 

portfolio by skilled resources. The system provides 

farmers with timely information, suggesting that 

they move quickly in order to have positive 

outcomes. In addition, pests will only need to be 

treated when necessary, therefore reducing the need 

for pesticides and reducing production expenses. 

Consequently, while helping farmers to prevent crop 

losses and improve the quality of the crop yielded, 

this solution provides a low-cost means of providing 

information via simple devices such as cell phones 

and computers, supporting many sustainable 

agriculture practices while preserving the 

environment. By providing farmers and growers 

with reliable and efficient decision information 

using artificial intelligence, this development will 

be an important step in improving the global 

agricultural system through the implementation of 

smart and digital agriculture systems. 

IX. ACKNOWLEDGMENT 

We would like to thank our guide, Dr. M. Menaka, 

Assistant Professor, Faculty of Science and 

Humanities, SRM Institute of Science and 

Technology, Tiruchirappalli for providing us with 

this opportunity. 

REFERENCES 

 

[1] Lal, S., Sharma, S., & Kumar, R. (2021). Plant 

Disease Detection Using Deep Learning 

Algorithms: A Review. International Journal of 

Information Technology, 13, 1225– 1238. 

[2] Ahamed, T., & Harun, S. B. (2021). Efficient 

Plant Disease Detection Using Hybrid Deep 

Learning Model. IEEE Access, 9, 87654–87667. 

[3] Li, X., Zhang, R., & Xiao, Y. (2021). Crop 

Disease Identification Based on Improved 

Convolutional Neural Network. Computers and 

Electronics in Agriculture, 187, 106259. 

[4] Zhang, X., Liu, L., & Chen, Y. (2022). A Deep 

Learning Approach for Plant Disease 

Recognition and Localization. Agronomy, 

12(6), 1345. 

[5] Sharma, P., & Singh, A. (2021). Real-Time Plant 

Leaf Disease Detection Using Mobile Vision 

with Transfer Learning. Journal of Visual 

Communication and Image Representation, 78, 

103367. 

[6] Li, J., Wang, Z., & Sun, Q. (2022). Automatic 

Detection of Wheat Diseases via Deep Neural 

Networks. Sensors, 22(4), 1300. 

[7] Kim, H., & Lee, J. (2021). Plant Disease 

Classification Using Attention-Based CNN 

Models. Entropy, 23(12), 1582. 

[8] Gupta, S., & Yadav, R. (2022). Machine 

Learning Techniques for Smart Agriculture: A 

Survey. Artificial Intelligence Review, 55(3), 

1547–1576. 

[9] Ahmed, T., & Rahman, M. (2023). Multi-Class 

Plant Disease Detection Using Transfer 

Learning Models. Expert Systems with 

Applications, 195, 116628. 

[10] Singh, V., Kumar, J., & Tomar, R. (2022). 

Lightweight CNN Model for Real-Time Plant 

Disease Diagnosis. IEEE Access, 10, 31945–

31956. 

[11] Zhao, L., Xu, B., & Chen, L. (2021). Data 

Augmentation Techniques for Improving Plant 

Disease Recognition. Computers and 

Electronics in Agriculture, 188, 106271. 

[12] Abdollahnejad, Z., & Pashaei, E. (2023). Deep 

Transfer Learning for Crop Disease Detection 

and Severity Estimation. Journal of Agricultural 

Science and Technology, 25(2), 27–41. 


