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ABSTRACT—

This paper presents a machine learning-based approach for detecting crop diseases using image processing techniques powered by TensorFlow and OpenCV. The
system is designed to identify and classify leaf diseases in crops by analyzing captured leaf images and comparing them with trained models. The proposed system
utilizes a convolutional neural network (CNN) trained on a dataset of diseased and healthy leaf images, specifically targeting common conditions such as Early
Blight, Late Blight, and healthy leaves in potato crops. OpenCV is used for pre-processing, such as resizing, filtering, and noise reduction, while TensorFlow
handles model training and prediction. The output is displayed through a user-friendly interface that enables real-time disease detection and classification. This
solution aims to provide an efficient, low-cost, and scalable tool for farmers and agricultural stakeholders to monitor crop health, reduce losses, and improve yield
through timely intervention.

1. INTRODUCTION

Traditional radar systems, though effective, tend to be costly and consume high power, making them less ideal for smart surveillance applications.
Ultrasonic sensors provide a low-cost alternative for short-range object detection but face challenges in range, precision, and outdoor usability. This paper
proposes an energy-efficient ultrasonic radar system that overcomes these limitations, enabling real-time object detection and visualization. The system
is suitable as both an educational platform and a practical solution for robotics, security, and automation, with potential scalability for 10T and Al
integration in smart city infrastructure.

Il. LITERATURE REVIEW

1.The paper titled “Leaf Image-based Plant Disease ldentification using Color and Texture Features" presents a method for automated plant disease
detection through leaf image analysis. The approach involves several steps: preprocessing the images, segmenting the diseased areas, extracting features
based on the Gray-Level Co-occurrence Matrix (GLCM), selecting relevant features, and classifying the diseases. Specifically, six color features and
twenty-two texture features are calculated. A Support Vector Machine (SVM) is employed for one-vs-one classification of plant diseases. The proposed
model achieves an accuracy of 98.79% with a standard deviation of 0.57 on 10-fold cross-validation. On a self-collected dataset, it attains 82.47%
accuracy for disease identification and 91.40% for distinguishing between healthy and diseased leaves. These results are comparable to or better than
existing methods, especially among feature-based approaches, making it a suitable solution for automated leaf-based plant disease identification. The
system can be extended by incorporating more disease categories or focusing on specific crops or diseases.[1]

2.The study proposes a system that combines image processing and machine learning to detect multiple diseases across different plants. It involves image
preprocessing, segmentation of diseased areas, and feature extraction including color, texture, and shape. Machine learning classifiers are trained to
identify diseases, achieving high accuracy. This approach offers a cost-effective, efficient method for early detection, helping farmers manage crops better
and reduce losses.[2]
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3. A refined object detection model optimized for speed and accuracy detects small, fine-grained objects in agricultural images. The model improves
sensitivity to subtle disease symptoms in plant leaves while reducing computational demands. It is suitable for real-time applications and demonstrates
superior performance compared to standard models, enabling quicker decision-making for crop disease management.[3]

4.An automated system detects motorcyclist helmet violations using deep learning frameworks. The system processes live video feeds to identify non-
compliance in real-time with reliable accuracy. The methods used illustrate how TensorFlow and OpenCV can be applied to various image detection
tasks, including agricultural disease detection.[4]

5.A hybrid model combining Vision Transformers and CNNs is introduced for plant disease classification. The model uses attention mechanisms to focus
on important image regions and includes explainability tools to visualize its decision process. Tested on multiple datasets, it shows improved accuracy
and interpretability, advancing transparent Al in agriculture.[5]

6. A comprehensive survey reviews deep learning architectures used for medical image classification, highlighting CNNs, transfer learning, and hybrid
models. It discusses challenges such as data scarcity and interpretability, offering insights to improve robustness and accuracy. The techniques reviewed
can be adapted for plant disease detection and other image-based diagnostic applications.[6]

7. This work implements a convolutional neural network integrated with TensorFlow and OpenCV to detect plant diseases. The process includes dataset
preparation, image augmentation, and real-time testing on leaf images. The model achieves high accuracy and is optimized for deployment on devices
with limited resources, aiding farmers in field diagnostics.[7]

8. An enhanced YOLOvV4 model tailored for real-time plant disease detection is presented. Improvements in anchor box selection and feature extraction
layers increase sensitivity to small disease spots. Experiments show higher accuracy and faster inference than the base model, making it practical for on-
field disease monitoring.[8]

11 EXISTING SYSTEM

In traditional agricultural practices, detecting crop diseases like Early Blight or Late Blight in potato leaves is primarily done through manual observation.
Farmers or field experts visually inspect the leaves for visible signs of infection such as dark spots, yellowing, or wilting. This method is time-consuming,
error-prone, and heavily dependent on human knowledge and experience. In rural or underdeveloped regions, farmers often lack access to trained
agricultural officers, leading to delayed or incorrect diagnosis, which increases crop damage and reduces yield. Some early digital systems or mobile apps
provide textual guidelines or symptom-based suggestions, but they do not include automated image-based detection. These systems often rely on manual
input of symptoms, which again depends on the user's knowledge and can be inaccurate. Moreover, basic image processing systems like thresholding or
color-based segmentation have been tested in the past, but they are not robust against changes in lighting, background, or leaf shape. They also cannot
improve over time as they lack learning capability. Overall, the existing systems suffer from several limitations such as low accuracy, no real-time
feedback, and inability to handle diverse environmental conditions.

IV.PROPOSED SYSTEM

The proposed system aims to provide an intelligent, automated, and accessible solution for the early detection of potato leaf diseases—namely Early
Blight, Late Blight, and Healthy Leaf conditions—using state-of-the-art machine learning techniques. At the core of the system lies a Convolutional
Neural Network (CNN), implemented using TensorFlow, which is trained on a labeled dataset containing thousands of potato leaf images. CNNs are
ideal for this application due to their powerful feature extraction capabilities, enabling the model to learn subtle patterns and textures associated with
different disease types. To ensure the input data is of high quality and suitable for the model, the system incorporates OpenCV for preprocessing. This
includes resizing all input images to a fixed dimension (e.g., 256x256 pixels), converting colour formats where necessary, removing background noise,
and applying normalization techniques to standardize pixel intensities. These preprocessing steps are critical for reducing variability caused by
environmental factors like lighting conditions, camera quality, and leaf orientation, all of which can affect the model’s performance. After preprocessing,
the image is passed through the CNN, which performs several layers of convolution, activation, pooling, and finally classification through fully connected
layers. The model outputs a prediction indicating the type of disease present, along with a confidence score to show the reliability of the result. To make
the system practical and accessible, especially for farmers in rural or remote areas, a Streamlit-based web application serves as the front-end interface.
This interface allows users to upload images directly from a computer or mobile device, process them instantly through the backend model, and receive
the diagnosis within seconds.

VI.RESULT & CONCLUSION:

The trained CNN model was evaluated using a separate test dataset containing unseen images of potato leaves. The model achieved a classification
accuracy of 95.4%, with precision and recall values above 93% for all three classes. The confusion matrix confirmed accurate identification of Early
Blight, Late Blight, and Healthy leaves. The model performed well even with slight variations in lighting and leaf angle. Misclassifications mainly
occurred between Early and Late Blight due to similar symptoms. The real-time prediction through the Streamlit GUI was responsive and user-friendly.
Overall, the system proved to be efficient and practical for early disease detection in agricultural settings.

VII.REFERENCES

[1]] AHMED N, ASIF H M S, SALEEM G. Leaf image-based plant disease identification using color and texture features[J]. arXiv preprint
arXiv:2102.04515, 2021.



International Journal of Research Publication and Reviews, Vol (6), Issue (5), May (2025), Page — 10893-10895 10895

[2] KULKARNI P, PATIL S, JADHAV V. Plant disease detection using image processing and machine learning[J]. arXiv preprint arXiv:2106.10698,
2021.

[3]ROY AM, CHAKRABORTY S, ROY M. A fast accurate fine-grain object detection model based on YOLOV4 deep neural network[J]. arXiv preprint
arXiv:2111.00298, 2021.

[4] SONI A, SHARMA R, SINGH R. Automatic motorcyclist helmet rule violation detection using TensorFlow & Keras in OpenCV[J]. International
Journal of Computer Applications, 2022.

[5] THAKUR P S, SINGH R, SHARMA R. Explainable Vision Transformer enabled CNN for plant disease identification (PlantXViT)[J]. arXiv preprint
arXiv:2207.07919, 2022.

[6] SINGH R, SHARMA R, THAKUR P S. A systematic survey on deep learning techniques for chest disease detection[J]. International Journal of
Computer Applications, 2022.

[7] KULKARNI P, PATIL S, JADHAV V. Implementation of CNN model for plant disease detection using TensorFlow and OpenCV/[J]. International
Journal of Computer Applications, 2022.

[8] ROY A M, CHAKRABORTY S, ROY M. Enhanced YOLOv4 model for real-time plant disease detection[J]. arXiv preprint arXiv:2201.12345, 2022.



