D
w ‘ é ISSN(O): 2320-9801
II.' I R cc E ISSN(P): 2320-9798

International Journal of Innovative Research in
Computer and Communication Engineering

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.771 Volume 13, Issue 4, April 2025

@ www.ijircce.com X ijircce@gmail.com & +91-9940572462 (L +9163819 07438



© 2025 IJIRCCE | Volume 13, Issue 4, April 2025| DOI: 10.15680/IJIRCCE.2025.1304149
www.ijircce.com | e-ISSN: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.771| ESTD Year: 2013|

% p} "A\‘ International Journal of Innovative Research in Computer
M ¥ and Communication Engineering (IJIRCCE)
IJ I RccE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Plant Disease Diagnosis with Al & Deep Learning

Prof. P. A. Kharat, Mohammad Aasim, Kishor Bawane, Sohail Ahmed Adil Pinjari

Department of Computer Science and Engineering, Padmashri Dr. V. B. Kolte College of Engineering, Malkapur, India

ABSTRACT: The Leaf Disease Detection Android App is an innovative, technology-driven solution designed to
empower the agricultural community by combining advanced machine learning techniques with a user-friendly mobile
platform. Developed using Java and XML, the app ensures a robust and intuitive interface, while Firebase
Authentication and Firebase Realtime Database provide secure and efficient user management along with real-time data
synchronization. At its core, the application employs a TensorFlow Lite model that leverages a Convolutional Neural
Network (CNN) to accurately process and analyze leaf images. This state-of-the-art image processing approach allows
for early detection of plant diseases, enabling farmers to take prompt and effective measures to protect their crops and
enhance overall yield.

In addition to its diagnostic capabilities, the app serves as a comprehensive agricultural tool by integrating several
supportive features. It offers an online shop where farmers can conveniently purchase seeds, fertilizers, and other
essential inputs, directly linking them to trusted suppliers. Furthermore, the platform provides access to valuable
information on government schemes and support programs, ensuring that users are well-informed about available
resources and incentives. This holistic design not only aims to reduce crop loss through timely disease detection but
also enhances farm management practices and overall agricultural sustainability.

KEYWORDS: Leaf Disease Detection, Android Application, Java, Firebase, TensorFlow Lite, Machine Learning,
CNN, Agricultural Technology, Government Schemes, Online Shop

L. INTRODUCTION

The Leaf Disease Detection Android App is a multifaceted mobile solution that combines advanced image processing
techniques and machine learning to assist farmers in early disease diagnosis of their crops. Developed using Java and
XML, the application offers a robust and user-friendly interface that is enhanced by Firebase Authentication and
Firebase Realtime Database for secure user management and seamless data synchronization. At the heart of the app lies
a TensorFlow Lite model employing a Convolutional Neural Network (CNN) algorithm, specifically designed to
analyze leaf images and accurately detect diseases.

Additionally, the application provides valuable supplementary features, including access to government agricultural
schemes and an integrated online shop where farmers can purchase seeds, fertilizers, and other essential agricultural
inputs.

II. LITERATURE SURVEY

1. Using Deep Learning for Image-Based Plant Disease Detection Mohanty, P.P., Hughes, D.P., & Salathé, M. —
Frontiers in Plant Science, 2016 This seminal work demonstrated the feasibility of using deep convolutional neural
networks (CNNs) for plant disease detection by leveraging the publicly available PlantVillage dataset. The authors
reported that their model could achieve accuracy levels comparable to expert human diagnosis, underscoring the
potential of deep learning techniques to revolutionize agricultural diagnostics. The paper provided a robust baseline for
subsequent studies by detailing the model architecture, training process, and challenges related to dataset diversity and
image quality.

2. Plant Disease Detection Using Convolutional Neural Networks Ferentinos, K.P. — Computers and Electronics in
Agriculture, 2018 Ferentinos conducted a comprehensive evaluation of various CNN architectures applied to the task of
plant disease detection across multiple crop species. The study compared the performance of several deep learning
models and concluded that CNNs not only yield high detection accuracy but also exhibit strong generalization
capabilities across different environmental conditions. This work highlighted the importance of architecture selection
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and data augmentation techniques in mitigating overfitting and improving robustness, thus paving the way for more
adaptable agricultural diagnostic systems.

3. Real-Time Plant Disease Diagnosis Using Mobile Deep Learning Models Zhang, Y., et al. — [EEE Access, 2019
Addressing the need for on-the-go diagnostics, this paper presented a mobile application framework that deploys
lightweight deep learning models (such as MobileNet) to perform real-time plant disease detection. Zhang and
colleagues focused on optimizing model efficiency to suit the constraints of mobile devices while maintaining a
satisfactory balance between speed and accuracy. Their findings emphasized the practical challenges of on-device
processing, including memory limitations and variable computational power, and offered solutions through model
quantization and pruning techniques.

4. Leaf Disease Detection and Classification Using Machine Learning Techniques Kaur, A. & Singh, B. — Journal
of Computational Agriculture, 2020 In this comparative study, the authors evaluated traditional machine learning
algorithms—such as Support Vector Machines (SVM) and Random Forests—against CNN-based approaches for the
detection and classification of leaf diseases. The research revealed that while conventional techniques can be effective
under controlled conditions, CNNs consistently outperformed them, particularly in handling images with diverse
backgrounds and lighting variations. This work underlined the superiority of deep learning for complex image analysis
tasks in agriculture, while also discussing the trade-offs in computational requirements.

5. An Integrated IoT and Deep Learning Approach for Crop Health Monitoring Rahman, M., Chowdhury, M., &
Islam, M. — IEEE Internet of Things Journal, 2021 This study extended the scope of plant health monitoring by
integrating [oT sensor data with image-based diagnostics using deep learning. The integrated system provided a multi-
modal approach to crop health assessment, combining real-time environmental data with visual analysis of plant leaves.
The findings demonstrated that such a holistic system can deliver early warnings and actionable insights to farmers,
thereby enhancing overall crop management practices. The paper also discussed challenges related to data fusion and
the synchronization of heterogeneous data streams.

6. Efficient Deployment of TensorFlow Lite Models for On-Device Plant Disease Detection Patel, R., et al. — ACM
Transactions on Embedded Computing Systems, 2022 Focusing on the practical aspects of model deployment, this
paper explored strategies for optimizing TensorFlow Lite models for resource-constrained mobile devices. Patel and
colleagues detailed various techniques to reduce model size and inference time—such as quantization, model pruning,
and architecture simplification—while preserving high detection accuracy. Their research is particularly relevant for
mobile applications in rural areas, where device capabilities are limited, and highlights the potential for scalable, on-
device solutions in the agricultural domain.

This collection of literature provides a comprehensive view of the evolution and application of machine learning,
particularly CNNs, in plant disease detection. Together, these studies form a solid foundation for understanding the
technical, practical, and operational challenges of developing a mobile-based disease detection system, thereby guiding
future research and development in this critical area of agricultural technology.

1. PROPOSED METHODOLOGIES

Data Collection and Pre-processing:

A comprehensive dataset comprising images of various leaf diseases is gathered from multiple sources. These images
undergo pre-processing steps such as normalization, resizing, and augmentation to enhance the diversity of training
data and improve model robustness.

Model Development and Training:

The core of the application is the TensorFlow Lite model, which employs a Convolutional Neural Network (CNN)
algorithm. The model is trained using the pre-processed dataset to identify and classify different leaf diseases.
Techniques like cross-validation and hyper parameter tuning are applied to optimize the model’s accuracy and
performance.
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Application Development:

The app is developed using Java and XML, providing a responsive and intuitive interface. Firebase Authentication is
implemented to secure user login and data access, while Firebase Realtime Database ensures efficient data storage and
real-time synchronization between the app and the backend services.

Integration of Supplementary Features:

In addition to disease detection, the app integrates a marketplace module and information portal for government
schemes. This involves developing additional user interface components and backend functionalities to support online
transactions and information dissemination.

Testing and Deployment:

The application undergoes rigorous testing, including unit testing for individual components, integration testing to
ensure smooth interaction between modules, and field testing with end-users (farmers) to validate the practical usability
and accuracy of the disease detection system. Feedback is collected and used to refine both the machine learning model
and the overall user experience before final deployment on the Android platform.

Continuous Improvement:

Post-deployment, the app is designed to incorporate user feedback and performance metrics to iteratively improve both
its diagnostic capabilities and additional support features, ensuring long-term reliability and relevance in the dynamic
agricultural landscape.

ALGORITHM DETAILS
The core functionality of the Leaf Disease Detection module is powered by a CNN-based algorithm, optimized for
mobile inference via TensorFlow Lite. The algorithm’s workflow includes the following stages:
1. Image Acquisition and Pre-processing:
o Capture & Upload:
= Users capture a leaf image using the device camera or select an image from the gallery.
= Guidelines are provided to ensure images are clear and well-lit.
o Pre-processing Steps:
= Resizing: Images are resized to match the input dimensions expected by the CNN model.
= Normalization: Pixel values are normalized to a standard scale to enhance model
performance.
=  Augmentation (Optional): Techniques such as rotation, flipping, or scaling may be applied
during training to improve model robustness.
2. CNN Model Architecture:
o Convolutional Layers:
= Extract spatial features from the image using a series of convolution filters.
o Activation Layers:
= Introduce non-linearity using activation functions like ReLU (Rectified Linear Unit).
o Pooling Layers:
= Reduce the spatial dimensions of feature maps (e.g., using max pooling) while retaining key
information.
o Dropout Layers:
=  Mitigate overfitting by randomly deactivating a subset of neurons during training.
o Fully Connected Layers:
= Integrate extracted features and perform the final classification.
o Output Layer:
= Utilizes a softmax function to provide probability scores for each disease class.
3. Model Training and Optimization:
o Training:
= The CNN is trained offline using a labeled dataset (e.g., the PlantVillage dataset) to learn
distinguishing features of various leaf diseases.
o Optimization:
=  Techniques such as quantization and pruning are applied post-training to reduce the model
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size and enhance inference speed on mobile devices.
o Conversion:
= The trained model is converted to the TensorFlow Lite format, ensuring efficient execution
on Android devices.
4. Inference and Result Post-processing:
o On-device Inference:
= The preprocessed image is input to the TensorFlow Lite model, which outputs a probability
distribution over the possible disease classes.
o Result Interpretation:
= The highest probability class is selected as the predicted disease, and a confidence score is
provided.
o User Feedback:
= Diagnostic results, along with recommendations and relevant information, are displayed to
the user.
o Data Logging:
The results are stored in Firebase Realtime Database for future reference and continuous model improvement.

Test Cases and Test Results
A set of comprehensive test cases has been developed to cover the functional requirements of the application. These
test cases verify that each component of the system operates as intended and that the integrated system meets the

overall objectives. Below is a sample table outlining several key test cases along with their results:

Test Test Case Module(s) | Input/Action Expected Output Actual Output Status
Case ID Description Involved
Validate user Enter valid user User account created and
TC-01 registration with Authentication| details and submit | confirmation message As expected Passed|
valid data displayed
TC-02 Validate user login Enter incorrect] Error message indicating | As expected
with invalid Authentication| credentials and| invalid credentials Passed|
credentials attempt to login
Image is preprocessed
Test image capture | Image Capture a clear (resized, normalized) and
TC-03 and preprocessing for| Capture, leaf image using | ready for ML inference | Asexpected Passed
disease detection Preprocessing| the camera
Verify disease Disease Submit a Correct classification of | As expected (95%
TC- 04 detection output Detection, preprocessed the disease with an accuracy) Passed
accuracy ML Module | image of a appropriate
diseased leaf confidence score
Check real-time data Diagnostic result appears
synchronization after Complete a in the Firebase database
TC- 05 diagnostic Data diagnostic session | and user history updated | As expected Passed|
completion Management | and save results
Order processed
TC- 06 Test marketplace Marketplace | Place anorder for | successfully with a As expected
transaction workflow | Module seeds via the app | confirmation message Passed|
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IV. CONCLUSION

The Leaf Disease Detection Android App project has successfully demonstrated the potential of integrating advanced
machine learning with mobile technology to address a critical need in agriculture. By leveraging a CNN-based
TensorFlow Lite model, the app achieves a high level of accuracy in diagnosing leaf diseases, enabling timely
intervention to mitigate crop losses. The seamless integration of Firebase for secure user authentication and real-time
data management further enhances its robustness and usability.

In addition to disease detection, the app’s complementary features—such as access to government schemes and an
integrated online marketplace—offer farmers a holistic tool for both crop management and resource procurement.
Overall, the project not only meets its initial objectives but also serves as a proof-of-concept for future innovations in
agricultural technology.
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