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ABSTRACT

Crop diseases significantly affect agricultural productivity and
can cause substantial economic losses when they are not
identified at an early stage. Traditional disease identification
generally depends on manual observation by farmers or
agricultural experts, which can be time-consuming, subjective,
and difficult to scale. This paper presents an Al-based crop
disease detection and classification system using computer
vision and deep learning. The proposed system analyzes crop
leaf images to identify healthy and diseased plants and classify
the corresponding disease category. Image preprocessing
techniques such as resizing, normalization, noise reduction, and
data augmentation are applied to improve image quality and
model generalization. A Convolutional Neural Network (CNN)
is used for automatic feature extraction and classification. The
proposed platform provides an accessible approach for
preliminary crop disease identification and can support timely
agricultural decision-making.

Keywords— Crop Disease Detection, Artificial Intelligence, Deep
Learning, Computer Vision, Convolutional Neural Network,
Plant Disease Classification, Image Processing, Smart
Agriculture.

I INTRODUCTION

Agriculture plays a vital role in food production,
employment, and economic development. Crop diseases
reduce yield and quality and may spread rapidly if they are
not detected in time. Conventional diagnosis depends mainly
on visual inspection and expert knowledge. Such approaches
may be slow and difficult to access for farmers in remote
areas.

Advances in Artificial Intelligence, computer vision, and

deep learning have created opportunities for automated plant
disease analysis. CNNs can learn hierarchical visual features
directly from images and therefore are suitable for
identifying disease-related patterns such as spots,
discoloration, lesions, mildew, and blight.

This project proposes an image-based crop disease detection
platform in which a user submits a leaf imagthe image is
preprocessed, and a trained CNN predicts the disease
category. The system is designed as an academic prototype
that can be extended to web and mobile applications.

Il LITERATURE SURVEY

Mohanty et al. investigated deep learning for image-based
plant disease detection and demonstrated the usefulness of
CNNs for classifying healthy and diseased plant leaves.
Their work helped establish deep learning as an effective
approach for agricultural image recognition [1].

Ferentinos evaluated deep learning models for plant disease
diagnosis across multiple crop and disease categories. The
results showed that CNN-based models can learn useful
representations from plant images and achieve strong
classification performance [2].

Brahimi et al. studied tomato disease classification using deep
learning and explored visualization of symptoms. The work
demonstrated the potential of CNNs to identify complex
disease patterns while improving understanding of model
predictions [3].

Bedi and Gole proposed a hybrid approach using a
convolutional autoencoder and CNN for plant disease
detection. The study emphasized automated feature learning
and representation of disease characteristics [4].
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lll. SYSTEM ANALYSIS

A. Existing System

In the existing system, crop disease identification is mainly
performed through manual observation by farmers,
agricultural workers, or plant disease experts. The person
examines leaf colour, spots, lesions, texture, and other
visible symptoms and compares them with previous
knowledge or reference material. Although expert inspection
can be useful, it may require considerable time and
experience. It can also be difficult to provide immediate
diagnosis when expert support is unavailable. Manual
inspection may vary between observers and may become
less practical when a large number of plants must be
examined.

* Disease identification depends heavily on human
expertise.

* Diagnosis may be time-consuming for large fields or
large numbers of plants.

* Results can vary between observers.
* Early symptoms may be difficult to recognize visually.

* Remote farmers may have limited access to agricultural
experts.

B. Proposed System

The proposed system uses Artificial Intelligence, computer
vision, and deep learning to automate preliminary crop
disease detection from leaf images. The user uploads or
captures a crop leaf image through the platform. The image
is resized and normalized and may undergo augmentation
during training. A trained Convolutional Neural Network
extracts visual features and classifies the image into the
appropriate healthy or disease category. The system then
displays the predicted disease and confidence information.
This approach is intended to provide fast, consistent, and
accessible decision support while allowing future extension
to mobile and web applications.

* Automated image-based disease classification using a
CNN.

* Faster preliminary detection compared with manual-only
inspection.

* Consistent classification based on the trained model.
* Can support multiple crop and disease categories.

e Can be extended to mobile, web, cloud, and
smart-agriculture applications.

C. Existing System vs. Proposed System

The comparative evaluation highlights critical transitions
from subjective manual assessment methods toward
consistent, metrics-driven software systems.

Diagnosis Manual visual inspection /Al-based image classification

Speed Relatively slow [Fast automated prediction

[Expert dependency|High Reduced  for  preliminary

screening

Consistency May vary by observer Model-based consistent output

Scalability Limited for large-scaleCan scale through software
inspection

Technology Human observation / referenceCNN, computer vision, Python
material

Output [Expert opinion / observation  Disease class and confidence

IV. METHODOLOGY

The proposed methodology consists of dataset collection,
preprocessing, model training, classification, and evaluation.
The workflow is designed to convert a crop leaf image into
an understandable disease prediction.

A. DATASET COLLECTION

A labeled crop-leaf image dataset such as PlantVillage or
another approved dataset is used. Images are organized into
healthy and disease categories. The data are divided into
training, validation, and testing subsets to support model
development and evaluation.

B. IMAGE PREPROCESSING

Input images are resized to a fixed resolution and
normalized so that pixel values are suitable for model
training. Noise reduction can be applied when necessary.
Data augmentation, including rotation, flipping, zooming,
and brightness variation, is used during training to improve
generalization.

C. CNN-BASED CLASSIFICATION

The CNN contains convolution layers for feature extraction,
pooling layers for dimensionality reduction, deeper layers for
learning  disease-specific  representations, and fully
connected layers for classification. A Softmax output layer
produces the probability distribution over the disease
classes.

D. EVALUATION

Performance is evaluated using accuracy, precision, recall,
Fl-score, and a confusion matrix. Actual numerical results
should be inserted after the model is trained and tested; no
experimental value is fabricated in this paper.
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V. PLATFORM DESIGN

The platform follows a modular architecture. The user
uploads or captures a crop leaf image. The preprocessing
module prepares the image for inference, the CNN
classification module predicts the disease class, and the
result module presents the predicted category and
confidence information. The modular structure allows the
trained model to be replaced or updated without redesigning
the complete interface.

A. MAIN MODULES
* User Module—image upload or capture.

*  Preprocessing Module—resize, normalization, and

image preparation.

. Al  Classification Module—CNN-based
feature extraction and prediction.

*  Prediction Module—disease label and confidence

display.

* Dataset/Model Module—Ilabeled images and trained

model storage.

B. WORKFLOW

Image Input — Preprocessing — CNN Feature Extraction
— Disease Classification — Prediction and Confidence —
User Display.

VI. TECHNOLOGY USED

Technology Purpose

Python Core programming and model development

TensorFlow / Keras CNN training and inference

OpenCV Image preprocessing and computer vision
NumPy Numerical and image-array operations
Matplotlib Training and evaluation visualization

Flask / Streamlit Optional web application deployment

Jupyter Notebook /
VS Code

Development and experimentation

VIl. SYSTEM REQUIREMENTS

Hardware: a modern Intel/AMD processor, at least 8 GB
RAM, adequate storage, and a camera or smartphone for
image capture. A GPU is optional but useful for faster
training. Software: Windows or Linux, Python 3.x,
TensorFlow/Keras, OpenCV, NumPy, Matplotlib, and a
development environment such as Jupyter Notebook or VS
Code.

VIll. ADVANTAGES AND LIMITATIONS

Advantages include rapid preliminary image-based
screening, consistent automated classification, reduced
dependence on continuous manual inspection, and easy
extension to web or mobile applications. Limitations include
dependence on dataset quality, sensitivity to lighting and
complex backgrounds, and reduced reliability when field
conditions differ greatly from training images. The system
should therefore be treated as decision support rather than a
replacement for expert agricultural diagnosis.

IX. CONCLUSION

This paper presented an Al-based crop disease detection and
classification system using deep learning and computer
vision. The proposed pipeline combines image
preprocessing with CNN-based feature learning to classify
healthy and diseased crop leaves. The modular platform
design provides a foundation for future smart agriculture
applications. Future development can include transfer
learning, real-world field datasets, explainable Al,
multilingual interfaces, mobile deployment, and integration
with agricultural monitoring systems.

X.  FUTURE ENHANCEMENT

Future work may integrate lightweight transfer-learning
models such as MobileNet or EfficientNet, explainable Al to
highlight disease regions, cloud-based disease history,
mobile inference, IoT sensors, and additional crop/disease
categories.
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