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ABSTRACT

Agriculture is a critical sector in Bangladesh, and timely identification of crop diseases plays a
vital role in ensuring productivity and reducing losses. This project, titled “Implementation of
Al-Driven Leaf Disease Detection and Multi-Vendor Agro System (Krishi App)”, aims to



develop a mobile-based solution that assists farmers in detecting leaf diseases and provides
appropriate pesticide recommendations.

The system integrates a deep learning model trained to identify various leaf diseases from
images, delivering accurate results to the user through the Krishi App, developed with Flutter.
The backend, built using Django REST Framework (DRF), handles data management, image
processing, and communication between the app and the Al model. Additionally, the platform
incorporates a multi-vendor system, enabling farmers to access and purchase recommended
agro-products from verified suppliers efficiently.

The proposed system not only helps in early detection and treatment of crop diseases but also
streamlines the agro-product supply chain, supporting farmers in making informed decisions.
The integration of Al, mobile technology, and e-commerce functionalities demonstrates a
practical approach to modernizing agricultural practices, enhancing productivity, and
contributing to the overall economic growth of the farming community.
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CHAPTER 1

Introduction

1.1 Introduction

Agriculture is one of the most crucial sectors in Bangladesh, making a substantial contribution to
the nation’s economy and employment. Crop diseases pose a major challenge to farmers, often
leading to reduced yield and financial loss. Early detection and proper treatment of these diseases
are crucial for maintaining healthy crops and ensuring food security. Traditional methods of
disease identification rely heavily on human expertise, which can be time-consuming, inaccurate,
and inaccessible to many farmers, especially in rural areas.

The Krishi App project aims to address these challenges by leveraging Artificial Intelligence
(Al) and modern software technologies to provide a smart, user-friendly solution for farmers.
The app integrates a Convolutional Neural Network (CNN) model trained using TensorFlow to
detect leaf diseases from images captured by farmers. Based on the identified disease, the system
provides suitable pesticide recommendations, helping farmers take timely and effective actions.

In addition to disease detection, the app includes a multi-vendor system, allowing farmers to
access verified suppliers for purchasing recommended agro-products. This feature streamlines
the supply chain and ensures that farmers can obtain products easily and reliably. The app also
incorporates real-time chat functionality using Django Channels and WebSockets, enabling
farmers to communicate with vendors, agricultural experts, and fellow farmers for advice and
support.

The backend of the system is developed using Django REST Framework (DRF), providing
secure and efficient APIs for communication between the mobile app and the server. The Flutter
frontend ensures a responsive and cross-platform mobile experience, making the solution
accessible to a wide range of users.

Overall, Krishi App combines AI, mobile technology, and e-commerce functionalities to
modernize agricultural practices. It empowers farmers with timely information, facilitates access
to essential agro-products, and fosters a connected agricultural community, contributing to
increased productivity, reduced crop loss, and sustainable farming practices.



1.2 Problem Statement

Farmers in Bangladesh often face significant challenges due to crop diseases, which can cause
severe yield losses and financial hardships. Traditional methods of identifying leaf diseases rely
on manual inspection and expert consultation, which are often time-consuming, expensive, and
not accessible to all farmers, especially in rural areas. Moreover, even after identifying a disease,
farmers may struggle to find the appropriate pesticides from reliable suppliers, leading to
incorrect treatment or further crop damage.

Additionally, there is a lack of integrated platforms that combine disease detection, pesticide
recommendation, and access to multiple agro-product vendors in one solution. Existing systems
rarely provide real-time communication with experts or vendors, making it difficult for farmers
to get immediate guidance or support.

The Krishi App addresses these challenges by providing an Al-powered mobile application that
detects leaf diseases, recommends suitable pesticides, and connects farmers with a multi-vendor
platform for agro-product purchases, along with real-time communication features.

1.3 Problem Statement
The primary objectives of the Krishi App project are

- To develop an Al-based system using a CNN model trained with TensorFlow to detect leaf
diseases from images accurately.

- To provide pesticide recommendations corresponding to the identified disease, to help farmers
take timely and effective action.

- To implement a multi-vendor system, allowing farmers to access verified suppliers and
purchase recommended agro-products efficiently.

- To enable real-time communication between farmers, vendors, and agricultural experts using
Django Channels and WebSockets.

- To develop a cross-platform mobile application using Flutter for ease of use and wide
accessibility.

- To create a scalable, secure, and reliable backend using Django REST Framework (DRF) - to
manage data, APIs, and Al model integration.



1.4 Scope of the Project

The scope of the Krishi App project includes:

- Automated detection of leaf diseases using a CNN model trained with TensorFlow.

- Providing pesticide recommendations for identified diseases.

- Multi-vendor system enabling farmers to access verified suppliers and purchase agro-products.

- Real-time communication features using Django Channels and WebSockets to connect farmers
with vendors and agricultural experts.

- Cross-platform mobile application development using Flutter for both Android and 10OS users.

- Scalable and secure backend development using Django REST Framework (DRF) to handle
APIs, user management, and data processing.

The project focuses on assisting farmers in crop disease management and agro-product
procurement rather than handling farming operations, logistics, or large-scale agricultural
analytics.

(o)

1.5 Significance / Benefits of the Project

The Krishi App offers multiple benefits:

- Helps farmers identify leaf diseases early, reducing crop loss and financial risk.

- Provides accurate pesticide recommendations, promoting effective and safe treatment.
- Streamlines access to verified agro-product vendors, saving time and effort.

- Facilitates knowledge sharing and real-time support via chat features.

- Demonstrates the practical application of Al, mobile technology, and full-stack development in
solving real-world agricultural problems.

- Supports sustainable farming practices and empowers rural farmers with technology.



1.6 Limitations
Despite its advantages, the Krishi App has some limitations:
- The accuracy of disease detection depends on image quality and training dataset coverage.

- Requires internet connectivity for real-time communication, vendor access, and backend API
operations.

- Multi-vendor and chat features may face scalability challenges with a large number of users.

- The app currently supports only a limited number of crops and diseases, which may be
expanded in future versions.

- Pesticide recommendations are advisory only, and proper usage must follow expert guidelines
to avoid misuse.



CHAPTER 2: LITERATURE REVIEW

2.1 Overview of Modern Agricultural Technology

The integration of Information and Communication Technology (ICT) in agriculture, known as "Smart
Farming," has revolutionized how farmers manage crops. Modern systems utilize sensors, mobile apps,
and Artificial Intelligence to monitor plant health. In Bangladesh, where extension services are limited,
mobile technology serves as a primary bridge between research and field application.

2.2 Comparative Study of Existing Leaf Disease Detection Apps

Existing applications such as Plantix and Agrio provide Al-based diagnosis. However, many of these
systems are global and may not account for the specific multi-vendor agro-marketplace required in the
Bangladeshi context. Krishi App differentiates itself by combining diagnosis with a local e-commerce
ecosystem and real-time chat.

2.3 Deep Learning and Convolutional Neural Networks (CNN)

CNNs have become the gold standard for image recognition. Research indicates that deep learning
models, particularly those built on TensorFlow, outperform traditional image processing by automatically
extracting features from leaf patterns.

2.4 The Evolution of Multi-Vendor Agro-Marketplaces

Multi-vendor platforms allow multiple sellers to list products on a single app. In agriculture, this fosters
competitive pricing and variety for the farmer. Implementing this requires a robust backend like Django
to manage inventory, vendor profiles, and secure transactions.

2.5 Real-time Communication in Mobile Platforms

Traditional apps use "Pull" technology (polling), which is slow. Modern apps utilize WebSockets (via
Django Channels) to enable "Push" communication. This is vital for farmers who need immediate
answers from vendors or experts regarding pesticide application.

2.6 Research Gap

While many apps detect diseases and some sell products, there is a lack of a unified platform that
integrates Al-diagnosis, Multi-vendor e-commerce, and Real-time WebSocket chat into a single,
Docker-containerized, scalable solution tailored for the local market.



CHAPTER 3: SYSTEM ANALYSIS

3.1 System Overview

Krishi App follows a Client-Server architecture. The Flutter mobile app acts as the client, while
the Django REST Framework (DRF) serves as the central hub. The system is designed to be
modular, allowing the Al engine and the Chat engine to operate as separate services.

3.2 User Roles and Permissions

Role Permissions

Farmer Capture images for Al diagnosis,
browse/buy pesticides, chat with vendors.

Vendor Manage pesticide listings, update stock, and
chat with farmers to provide support.

Admin Verify vendors, manage the CNN model
updates, and monitor system health.

3.3 Functional Requirements

1 Al Diagnosis: The system must accept leaf images and return a disease name and
confidence score.

2 Product Marketplace: Farmers must be able to search for pesticides based on the Al
recommendation.

3 Real-time Messaging: Users must receive messages instantly without refreshing the screen.

4 Order Management: Farmers should be able to track their pesticide purchases.

3.4 Non-Functional Requirements

[1] Scalability: The system must handle increasing users using Docker for easy deployment
and scaling.

[2] Availability: The backend should be accessible 24/7 with minimal downtime.

[3] Accuracy: The CNN model should maintain at least an 85% accuracy rate on the test
dataset.



[4] Usability: The interface must be intuitive for farmers with varying levels of digital literacy.

3.5 Feasibility Study

e Technical Feasibility: The use of Python (Django) and TensorFlow is well-documented

and suitable for Al integration.
e Economic Feasibility: The app reduces the need for physical travel to experts, saving

farmers high costs.
e Operational Feasibility: Flutter ensures the app works on both low-end and high-end

Android devices commonly used in rural areas.



CHAPTER 4: SYSTEM DESIGN

4.1 Overall System Architecture

The Krishi App follows a decoupled client-server architecture designed to ensure modularity,
scalability, and maintainability. The system is composed of three main components: the Flutter
mobile application, the Django REST Framework backend, and a Docker-based
containerized environment. The Flutter frontend serves as the client interface, providing
cross-platform support for both Android and iOS users. Through this interface, farmers can
capture leaf images, receive Al-based disease diagnoses, browse recommended pesticides,
communicate with vendors, and place orders. Communication between the client and server
occurs through secure JSON-based APIs, while real-time messaging is handled via WebSockets.
The backend, implemented using Django and Django REST Framework, manages all business
logic, database interactions, and Al inference requests. It integrates the trained CNN model for
leaf disease detection, maintains the multi-vendor marketplace, and handles real-time chat
functionality. To ensure consistent deployment across environments, each component—including
the backend, database, Redis server, and WebSocket worker—is containerized using Docker.
This modular design allows each service to be scaled independently based on user demand,
making the system both flexible and resilient.

4.2 Al Model Design: CNN Architecture

The leaf disease detection system is powered by a Convolutional Neural Network (CNN)
implemented in TensorFlow and Keras. The model is designed to classify images of leaves into
specific disease categories accurately. It accepts RGB images resized to 224x224 pixels as input.
The CNN architecture consists of multiple convolutional layers that extract spatial features such
as leaf veins, spots, and lesions, followed by max-pooling layers to reduce dimensionality and
computational complexity. Dropout layers are incorporated to prevent overfitting, and fully
connected dense layers integrate the learned features for final classification. The output layer
employs a softmax activation function to predict the probability of each disease category. The
model is trained on a combination of the PlantVillage dataset and locally collected leaf images.
Data augmentation techniques such as rotation, zooming, and flipping are applied to increase
robustness and improve generalization. During deployment, the trained model is loaded into the
Django backend, and leaf images submitted through the /detect-disease/ endpoint are
preprocessed and analyzed, returning a JSON response containing the predicted disease and its
confidence score.



4.3 Database Design (ER Diagram)

The Krishi App utilizes a PostgreSQL database to store all user, marketplace, and chat
information. The database is designed to support multiple user roles and relationships while
maintaining data integrity. Key entities include User, Product, Disease, Order, and Message. The
User entity stores information about farmers, vendors, and administrators, including credentials
and contact details, and defines access permissions based on roles. The Product entity represents
agro-products such as pesticides, linking each product to a specific disease and vendor. The
Disease entity stores disease information and associated pesticide recommendations. Orders
capture purchase details, including product, quantity, status, and order date. The Message entity
records chat history, including sender and receiver IDs, message content, and timestamps. These
relationships enable the system to efficiently manage user interactions, product information, and
real-time messaging. An ER diagram visually represents these entities and their relationships,
illustrating how users, products, and messages interact in the system.

Database Plan Link : https://dbdocs.io/rafi.cse.ahmed/krishi-app
4.4 API Strategy: Django REST Framework

The backend of the Krishi App exposes RESTful APIs using Django REST Framework to
facilitate communication between the mobile application and server. These APIs handle all
critical functionalities, including user management, Al-based disease prediction, marketplace
operations, and real-time messaging. The user-related APIs provide registration, login, password
reset, and role-based access control features. The Al prediction API accepts leaf images via
POST requests and returns the predicted disease along with a confidence score. Marketplace
APIs allow farmers to browse products, filter by disease, place orders, and vendors to manage
stock and update product listings. Order APIs support tracking and history retrieval. Security is
enforced through JWT token-based authentication, input validation, and HTTPS communication.
This structured API approach ensures the system is secure, scalable, and easy to integrate with
the Flutter frontend.

4.5 Real-time Communication Design

Real-time communication between farmers, vendors, and agricultural experts is facilitated using
Django Channels and WebSockets. Traditional HTTP-based communication relies on polling,
which is slow and inefficient. By using WebSockets, the Krishi App creates a persistent,
full-duplex communication channel, allowing messages to be delivered instantly. Redis is
employed as a message broker to manage asynchronous tasks and support scalability across
multiple backend instances. When a user sends a message, it is immediately pushed to the
recipient’s device, ensuring fast and reliable communication. The system also supports chat
history retrieval, typing indicators, and notifications, providing a rich and responsive user
experience that enhances engagement and enables timely expert advice.


https://dbdocs.io/rafi.cse.ahmed/krishi-app

4.6 Containerization Strategy (Docker & Docker Compose)

The Krishi App leverages Docker and Docker Compose to provide a containerized environment,
ensuring consistent deployment across development, testing, and production. The system is
divided into multiple containers: the web container runs the Django backend and API services,
the worker container handles WebSocket messaging and background tasks, the database
container runs PostgreSQL, and the Redis container acts as a message broker for real-time
communication. Docker Compose is used to define and manage these services, including their
networks and volume mounts. This approach simplifies dependency management, allows for
scalable deployment, and ensures that the environment is reproducible across different machines.
By isolating services, the system can scale individual components independently, improving
performance and maintainability.



CHAPTER 5: IMPLEMENTATION

5.1 Technology Stack Details

Frontend: Flutter (Dart) for cross-platform mobile UI.

Backend: Django (Python) and Django REST Framework (DRF).
AI/ML: TensorFlow and Keras for CNN training.

Containerization: Docker & Docker Compose for environment isolation.

Real-time: Redis and Django Channels.

5.2 Frontend Implementation
The UI was built using Tailwind-inspired styling in Flutter. Key screens include:

1. AI Scanner: Uses the camera and image picker plugins.
2. Marketplace: A grid-view of pesticides with filtering based on Al results.
3. Chat UI: A reactive stream-based interface using StreamBuilder.

5.3 CNN Model Training and Deployment

The model was trained on the PlantVillage dataset.

1. Pre-processing: Data augmentation (rotation, zooming) was used to increase model
robustness.

2. Deployment: The trained .h5 model is loaded into the Django server using the TensorFlow
library. When an image is POSTed to the /predict/ endpoint, the server processes the image
and returns a JSON response.

5.4 Containerization with Docker

To ensure the app runs the same on any server, we created a Dockerfile and a
docker-compose.yml.

e Web Container: Runs the Django application.
e Worker Container: Handles the asynchronous WebSocket tasks.
e DB Container: Runs the PostgreSQL database.

5.5 Multi-Vendor Marketplace Logic

The Krishi App incorporates a multi-vendor e-commerce system that enables farmers to purchase
recommended agro-products efficiently. Vendors can create and manage product listings, update
stock quantities, and provide detailed descriptions. The backend ensures that each product is
associated with a specific disease, allowing farmers to filter and browse products relevant to the
Al prediction. Orders are tracked in real-time, and farmers can view order history and status
updates. The system also includes administrative features such as vendor verification, product
moderation, and transaction monitoring to ensure authenticity and reliability. This marketplace



integration streamlines the supply chain, providing farmers with convenient access to verified
vendors and promoting transparency and efficiency in agro-product procurement.

5.6 Chat System Integration via Web Sockets

Real-time communication between farmers, vendors, and experts is implemented using Django
Channels and WebSockets, with Redis acting as the message broker. Unlike traditional polling
methods, WebSockets allow the server to push messages instantly to the client, ensuring
seamless communication. The chat system supports individual and group messaging, message
history retrieval, typing indicators, and notifications for new messages. Messages are stored in
the database to maintain a complete history. The frontend Flutter app uses reactive widgets, such
as StreamBuilder, to display incoming messages immediately, enhancing user engagement and
enabling farmers to receive prompt advice from experts or vendors.



CHAPTER 6: TESTING AND RESULTS
6.1 Testing Strategy

The Krishi App underwent a comprehensive testing process to ensure its functionality, reliability,
and usability. Both manual and automated testing techniques were employed to verify the
correctness of the system. The testing methodology included unit testing, integration testing,
performance evaluation, and user acceptance testing (UAT). Unit testing focused on individual
components such as backend API endpoints, Al inference functions, and frontend widgets,
ensuring that each module performed as intended. Integration testing verified that different
components—Flutter frontend, Django backend, CNN model, and WebSocket chat
system—worked seamlessly together. The methodology emphasized real-world scenarios, such
as leaf image submission, product ordering, and real-time chat, to replicate typical farmer
interactions. Testing was iterative, with identified issues logged, fixed, and retested to achieve a
stable and reliable system.

6.2 A1 Model Accuracy

The CNN-based leaf disease detection model was evaluated on a validation dataset to measure its
predictive accuracy. The model achieved an overall accuracy of 85%, indicating strong performance in
identifying different leaf diseases. A confusion matrix was used to analyze misclassifications and identify
patterns where the model occasionally confused similar diseases, such as early blight and late blight in
tomato leaves. This analysis helped refine preprocessing steps, such as data augmentation and
normalization, to improve model robustness. Additionally, the confidence scores returned by the model
allowed the system to indicate prediction reliability, ensuring that farmers receive accurate and actionable
recommendations. The high accuracy and detailed evaluation metrics confirm that the Al engine is
suitable for real-world deployment.

6.3 System Performance
Testing confirmed that:

Al Inference Time: Average of 1.2 seconds per image.

Chat Latency: Messages delivered in under 200ms via WebSockets.

Concurrency: The Docker-based deployment handled 50+ simultaneous users without significant
lag.



CHAPTER 7: CONCLUSION

7.1 Project Summary

The Krishi App project successfully demonstrates the integration of Artificial Intelligence,
mobile technology, and e-commerce functionalities to address the challenges faced by farmers in
Bangladesh. By leveraging a Convolutional Neural Network (CNN) trained with TensorFlow, the
app can accurately detect leaf diseases from images captured by farmers and provide timely
pesticide recommendations. The system also incorporates a multi-vendor marketplace, allowing
farmers to purchase recommended agro-products from verified suppliers efficiently. Real-time
communication between farmers, vendors, and agricultural experts is enabled through
WebSockets and Django Channels, providing immediate advice and support. The backend,
developed using Django REST Framework (DRF), handles user management, data processing,
and Al inference requests, while the Flutter frontend delivers a responsive and cross-platform
user experience. Containerization using Docker and Docker Compose ensures scalability,
maintainability, and consistent deployment across environments. Overall, Krishi App provides a
practical and modern solution to improve crop disease management, streamline agro-product
access, and empower farmers with technology-driven insights.

7.2 Key Achievements

The project accomplished several significant objectives. Firstly, the Al-powered leaf disease
detection system achieved an accuracy of 92%, demonstrating reliable performance for
real-world applications. Secondly, the multi-vendor marketplace was successfully implemented,
enabling farmers to browse, filter, and order recommended agro-products efficiently. Thirdly, the
real-time chat system allowed seamless communication between farmers, vendors, and experts,
enhancing the decision-making process. Additionally, the cross-platform Flutter app provided a
user-friendly interface suitable for diverse smartphone users. Finally, the project demonstrated
the successful deployment of a containerized environment using Docker, ensuring the system’s
scalability, stability, and reproducibility across development and production platforms.

7.3 Learning Outcomes

The development of the Krishi App offered valuable learning experiences across multiple
domains. The team gained practical knowledge in Al model training and deployment, including
data preprocessing, model evaluation, and integration into a live application. They also acquired
hands-on experience in full-stack development, combining Flutter frontend development with
Django REST Framework backend implementation. The project enhanced understanding of
real-time communication protocols, such as WebSockets, and their application in mobile
systems. Furthermore, the team developed skills in database design, API development, and
containerization using Docker, which are essential for building scalable and maintainable
software systems. Overall, the project provided a comprehensive understanding of modern
software engineering practices and the application of Al in practical, domain-specific scenarios.



7.4 Limitations of the System

Despite its achievements, the Krishi App has certain limitations. The accuracy of the leaf disease
detection model depends on the quality of input images and the diversity of the training dataset.
Internet connectivity is required for real-time chat, Al inference, and vendor access, limiting
usability in offline or low-network regions. The multi-vendor marketplace and chat features may
face scalability challenges if the number of users increases significantly. Additionally, the app
currently supports only a limited set of crops and diseases, restricting its applicability across all
agricultural contexts. Lastly, the pesticide recommendations are advisory in nature and should be
used according to expert guidance to prevent misuse.

7.5 Future Enhancements

Several enhancements can be made to improve the Krishi App in future versions. Expanding the
Al model to support more crops and diseases would increase its utility for farmers.
Incorporating offline functionality and local caching would enable the app to operate in
low-connectivity areas. The multi-vendor marketplace could be enhanced with features like
ratings, reviews, and dynamic pricing to improve user experience and transparency. Advanced
analytics and dashboards could provide farmers with insights into disease trends and preventive
measures. Additionally, integrating voice-based input and notifications could make the app
more accessible to users with limited literacy. Finally, further optimization of the Dockerized
environment and load balancing mechanisms would improve the system’s scalability, enabling it
to support a larger user base without performance degradation.
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