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Abstract: This paper presents lightweight web-based pest detection software that aids in the early detection of crop
pests using image classification techniques. The system is designed to support real-time predictions, user-friendly
dashboards, and access control based on role-based logins. Built using React.js, Node.js, and MySQL, it can support up to
1000 user records with high efficiency. The software also integrates graphical visualizations using Recharts, helping users
track pest prediction history and class distribution with confidence levels. This solution aims to improve agricultural
productivity by offering a simple, accessible diagnostic tool for farmers, researchers, and agronomists.
Keywords: Pest Detection, Web Application, React.js, Node.js, MySQL, Image Classification, Agriculture Technology

I. INTRODUCTION

Pest infestation is one of the major threats to crop production. Manual monitoring and diagnosis can be time-consuming
and often inaccurate. Technology, especially web-based platforms integrated with machine learning, offers scalable and
accessible solutions. This paper presents a lightweight pest detection software that allows users to log in, upload images,
and view prediction results through intuitive dashboards.According to the Food and Agriculture Organization (FAO),
pests are responsible for destroying up to 40% of global crop production annually. Early identification and intervention are
essential to prevent widespread damage and ensure food security. Traditional pest detection methods often rely on
manual inspection, which is time-consuming, requires expertise, and is not always accurate. In rural areas, access to
professional agricultural support is limited, making early detection even more difficult. Recent advances in artificial
intelligence and computer vision have opened new opportunities in precision agriculture. Image classification using
machine learning, especially Convolutional Neural Networks (CNNs), has shown great potential in identifying crop
diseases and pests with high accuracy. Despite these advancements, many Al-powered pest detection systems are either
resource-intensive or restricted to mobile platforms, limiting their usability in low-connectivity or low-resource settings.
To address this gap, we propose a lightweight, web-based pest detection application that provides fast, real-time
identification of pests through image uploads. The system uses a trained machine learning model to classify images and
returns a prediction with a confidence score The application also features a user-friendly interface, role-based login for
administrators and general users, and a dashboard for viewing graphical insights and historical prediction data.Built using
React.js for the frontend, Node.js for the backend, and MySQL for data management, the system is optimized for
efficiency and ease of deployment. By making intelligent pest detection accessible through a web browser, this tool
empowers farmers, researchers, and agricultural workers to take proactive measures against pest threats, ultimately
enhancing crop protection and productivity.

Il. RELATED WORKS

Pest infestation remains a significant challenge in agriculture, leading to billions in global crop losses annually. Traditional
manual inspection is often slow and inaccurate. Digital tools, particularly web-based platforms leveraging machine learning,
offer scalable solutions. This study presents a real-time, browser-accessible pest detection application optimized for low-
resource users including farmers and agronomists. One notable work by Mohanty et al. (2016) demonstrated the
application of deep learning models trained on the PlantVillage dataset to identify 26 diseases across 14 crop species,
achieving accuracy rates above 99% in controlled settings. However, these systems often require substantial
computational power and are primarily desktop-based, which limits their deployment in real-world agricultural
environments.
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Mobile-based pest and disease detection apps, such as Plan tix and AgroAl, have become popular among farmers. These
applications allow image uploads via smartphones and return diagnostic results. While accessible, their performance
depends heavily on internet connectivity and they may lack features like data visualization and history tracking. Web-
based tools such as Deep Agro and LeafAl have attempted to bring machine learning capabilities to the browser.
However, many of these platforms do not offer real-time prediction feedback or role-based user access, limiting their use
in institutional or shared farming context. The system is architecturally divided into four main modules that work
cohesively to deliver a seamless user experience. The Frontend is developed using React.js, which enables the creation of
dynamic and responsive user interfaces. Key components such as the login page, interactive dashboard, and data-driven
charts are crafted to ensure smooth navigation and intuitive interaction. The Backend is powered by Node.js with the
Express framework, which manages API routing, server-side logic, and secure user authentication through JWT (JSON
Web Token).This module ensures that user data and access permissions are handled securely and efficiently. Data
persistence and retrieval are managed by the Database module, which uses MySQL to store and organize critical
information including user profiles, pest prediction data, time logs, and classification of pest types. To enhance data
interpretation, the system incorporates a Charts module, where Recharts are utilized to graphically present prediction
trends and class distributions. This visual layer helps users quickly understand historical patterns and model outputs,
making the system not only functional but also user-friendly and informative the system is a modular, full-stack application
designed for efficient pest prediction and visualization. It consists of four tightly integrated components that together
ensure performance, security, and usability.

The Frontend, developed using Reactjs, is responsible for delivering a responsive and interactive user interface. React’s
component-based architecture allows for reusable Ul elements such as the Login form, Dashboard, and Charts section.
The login interface supports authentication and access control, while the dashboard serves as a central hub for users to
interact with system data. It displays summaries, alerts, and analytical views tailored to user roles. React’s virtual DOM
ensures high performance and smooth state management, enabling a responsive experience across devices. The Backend
is implemented using Node.js with the Express framework. This module handles all server-side logic, including RESTful
API endpoints for communication between the frontend and the database. One of its key responsibilities is managing user
sessions through JWT-based authentication, which provides stateless and secure access control. The backend also
includes logic for handling data processing, request validation, error handling, and integration with machine learning
models or prediction services (if applicable). It ensures that only authenticated users can retrieve or manipulate data. he
Database layer uses MySQL as the relational data storage solution. It is structured to store entities such as user
credentials, prediction results, timestamps, pest types, historical queries, and system logs. The relational schema ensures
data consistency, integrity, and efficient query execution. Indexing and relationships between tables are optimized to
handle large datasets and quick retrieval of prediction histories or user-specific records. Pest class distribution, and other
statistical insights. These visualizations aid in quick decision-making, performance tracking, and understanding underlying
data behavior. Overall, the system is designed to be scalable, maintainable, and user-centric. Its modular design allows for
independent updates to each layer, such as switching to a different database, integrating additional charting tools, or
expanding the API layer features.
I1l. TECHNOLOGY USED

To ensure efficiency, accuracy, and accessibility, the pest detection web application utilizes a range of modern
technologies spanning frontend development, backend services, machine learning, and database management. Each
technology was chosen based on its ability to support scalability, performance, and user-friendliness.

A Frontend Technologies

React.js: A JavaScript library used for building the user interface. React’s component-based architecture enables reusable,
dynamic, and responsive Ul elements.

HTML5 & CSS3: For structuring and styling the pages, ensuring compatibility across devices and browsers.

Recharts: A React-based charting library used to visualize historical pest detection data and prediction trends through
interactive graphs (bar, pie, and line charts).

JavaScript: Handles logic frontend, user interactions, and API requests

B Backend Technologies

Node.js: A JavaScript runtime used to build the server-side of the application, ensuring high performance and non-
blocking operations.

Express.js: A web framework for Node.js used to create RESTful APIs and manage routes for client-server
communication.

JWT (JSON Web Token): Implements secure authentication and role-based authorization (Admin/User), enabling session
management without server-side storage

C Machine Learning Technologies

Python: The programming language used for model development, data preprocessing, and integration.

Tensor Flow/Keras: Deep learning frameworks used to build and train the Convolutional Neural Network (CNN) for
pest image classification.

CNN (Convolutional Neural Network): A deep learning model trained on pest image datasets to accurately identify pest
types based on visual features.
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D Database Technologies

MySQL: A relational database used to store user credentials, uploaded image data, prediction results, and system logs. It
supports structured queries and is known for its reliability and performance

E Additional Tools

Postman: Used during development to test API endpoints and validate backend responses.

GitHub: Provides version control and collaborative development features.

PDF & CSV Export Libraries: Enable users to export prediction reports and histories for offline analysis
or documentation

ALGORITHM: CONVOLUTIONAL NEURAL NETWORK (CNN) ALGORITHM FOR PEST DETECTION
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The core of the pest detection system is a Convolutional Neural Network (CNN), a deep learning algorithm particularly
effective for image classification tasks. Below is the step-by-step algorithm used in the system?

1.Image Collection and Preprocessing: Collect a dataset of labeled pest images. Resize all images to a fixed
dimension (e.g., 128x128 pixels). Normalize pixel values (scale between 0 and 1). Split the dataset into training, validation,
and testing sets.

2.Model Architecture Definition: Initialize a Sequential CNN model. Add Convolutional layers with ReLU activation
to extract features. Add MaxPooling layers to reduce dimensionality. Repeat Conv-Pooling blocks as needed to deepen
the network Flatten the output and add Dense (Fully Connected) layers. Add a final Dense layer with Softmax activation
to output class probabilities (for multi-class classification).

3. Model Compilation Compile the model using: Loss Function: categorical_crossentropy (for multi-class)
Optimizer: Adam

Metrics: accuracy

4. Model Training: Train the model using the training data.

Validate on the validation set to monitor overfitting.

Use data augmentation.

5. Model Evaluation: Evaluate the model using the test set to measure final accuracy, precision, recall, and F1-score.

6. Model Deployment: Save the trained model (.h5 or. pb format). Integrate the model into the backend using Python
APIs or TensorFlow.js for real-time inference.

7. Prediction Process (Runtime) User uploads a pest image via the web interface. Image is preprocessed and passed to the
model. Model outputs the predicted pest type and confidence score. Result is displayed on the frontend and stored
in the database.
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The power of a Convolutional Neural Network (CNN),is a specialized class of deep learning algorithms known for their
superior performance in image classification and pattern recognition tasks. CNNs are inspired by the structure and
functioning of the human visual cortex, enabling the system to automatically and adaptively learn spatial hierarchies of
features from input images. This makes them particularly well-suited for identifying subtle differences between pest
species, which may vary in color, texture, shape, or size. This CNN-based approach not only automates pest detection
with high accuracy but also significantly reduces the need for manual inspection, making it a cost-effective and scalable
solution for large-scale agricultural monitoring systems.
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Fig: CNN Based Pest Detection System

IV. PROPOSED METHODOLOGY

The proposed system aims to develop an intelligent pest detection solution for agricultural applications using
Convolutional Neural Networks (CNN). This system accepts images of crops as input and processes them to detect and
classify different types of pests present in the image. Initially, the images are preprocessed through resizing, noise
reduction, and normalization to ensure consistency and accuracy. The core of the system uses a trained CNN model
which extracts features from the input images and performs classification based on learned patterns. Once trained, the
system is capable of identifying pest-infested areas in real-time and provides accurate results with high confidence. The
system is integrated with a user-friendly interface that allows farmers or agricultural officers to upload images via a web
or mobile application. The result is instantly shown with pest type and confidence level, enabling quick decision-making for
pest management. This approach reduces manual monitoring effort and helps in timely intervention, improving crop yield
and protecting plants effectively.

V. RESULTS

£, Pest Detection Software
%7 Login

Fig2: shows the home page
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Fig 4: shows the uploaded file image of pest

Pest Detection Dashboard

Cmnge e | g 0 - Conesf e

Loggedim wa: supeym LCKZOUT

Fig 5: shows the another file adaption with prediction confidence and History
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Fig 6: shows the history with t|me blass, confidence with pest class distribution

V CONCLUSION

The Pest Detection Software offers a practical and scalable solution to one of the major challenges in agriculture—early

and accurate pest detection. By leveraging the power of deep learning and integrating it with a user-friendly web-based

interface, the system empowers farmers and agricultural professionals to make timely and informed decisions regarding

pest control strategies. Throughout development, various challenges such as dataset size, model complexity, and diverse

crop and pest conditions were addressed using techniques like data augmentation, model optimization, and generalization

strategies. Despite limitations related to image quality and scalability, the system has demonstrated strong performance in

both controlled tests and initial user deployments. The platform not only aids in reducing crop losses but also promotes

sustainable farming by enabling targeted pesticide application, thus minimizing environmental impact. Future improvements

may focus on expanding dataset diversity, incorporating real-time detection features via mobile devices, and enhancing the

system’s robustness under varying field conditions.
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