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Harvest Direct: Al-Powered Freshness & Transactions

ABSTRACT

The "Harvest Direct” project is a mobile application aimed at transforming the
agricultural marketplace by directly connecting farmers with buyers, eliminating the
need for intermediaries and ensuring fairer prices for both parties. The app features an
Al-powered freshness detection system, using a MobileNetV2-based machine learning
model to evaluate the quality of apples based on visual attributes, such as color and
texture, ensuring that consumers can make informed purchasing decisions. Designed
with user accessibility in mind, the app is particularly suited for rural farmers with
limited technological experience, offering an intuitive interface, a 24/7 Al chatbot for
real-time assistance, and secure transactions powered by Firebase for ease of use and
data security. The platform allows farmers to upload product listings, set their own
prices based on product quality, and manage orders without third-party involvement,
thus promoting fair trade and improved profitability. It also supports bulk orders for
businesses, such as restaurants and wholesalers, providing a streamlined approach to
acquiring fresh produce. This project integrates essential features such as user
authentication, a real-time database, and Al-powered tools, aiming to bridge the gap
between farmers and consumers, create a more efficient supply chain, reduce food
waste, and support sustainable farming practices. Future developments will expand the
app’s functionality to include additional produce categories, enhanced freshness
detection, and more advanced Al features ensuring continued innovation in the

agricultural sector.
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CHAPTER 1

INTRODUCTION

1.1 Background

In E-farmers app which enables direct rice sales from farmers to consumers bypassing
middlemen while addressing challenges like user registration and technological
literacy among farmers[1]. The farmers' perceptions of mobile apps in India,
highlighting how these tools provide essential farming information but also pointing
out barriers such as limited access to technology and low digital literacy, which affect
adoption[2]. Android-based agricultural apps offering features like weather forecasts
and pest management. It emphasizes the need for a more comprehensive and integrated
platform due to the challenges of using multiple apps|[3].

A study examines various Android-based mobile apps designed for farmers including
features like weather forecasting, soil health monitoring, and market prices and
discusses the integration of Arduino systems to provide real-time data for farm
management[4].

Another study highlights the significance of mobile apps like Plantix, Kisan Suvidha,
and Farm-o-Pedia in the agricultural sector. These apps equip farmers with essential
information on pest control, crop management, and market prices, effectively bridging
the information gap and enabling farmers to make more informed decisions. [5]. A
paper highlights apps like Pusa Krishi and Kisan Suvidha which help farmers improve
productivity, market access and financial management by providing real-time data on
weather, crop management, and market prices[6].

Harvest Direct is a mobile app that connects farmers directly with buyers eliminating
middlemen for better prices and fresher produce. It features an Al-powered freshness
detection system for apples, a 24/7 chatbot for support, and secure transactions through
Firebase. The app also supports bulk purchases for businesses, aiming to create a more

efficient and transparent marketplace.



1.2 Problem Statements

The core issue lies in how disconnected farmers and buyers still are. A farmer may
harvest high-quality produce but has no way to reach buyers directly, so they end up
selling to wholesalers at whatever rate is offered. Once the produce reaches retail shops
or online vendors, the price increases significantly but yet the farmer still receives the
same low amount. This imbalance has existed for years and leaves both farmers and
buyers frustrated.

Another problem is the lack of transparency regarding freshness. People often buy
fruits or vegetables that look fine from the outside but turn out to be old or spoiled
inside. There is no dependable way for buyers to verify freshness, and many online
stores simply mix newer and older stock together. This leads to mistrust, complaints,
and food waste.

Existing agricultural apps in Pakistan mostly share information such as weather
updates, crop guidance, or government schemes. Very few provide an actual
marketplace where farmers can sell directly. And almost none offer any Al-based
feature to verify product quality, which has become increasingly important in digital
commerce.

In short, there is a clear need for a system that connects farmers and buyers directly,
provides a dependable way to assess freshness, ensures secure transactions, and

remains simple enough for rural users to adopt without difficulty.

1.3 Aims and Objectives

Aim:
To create a practical, easy-to-use mobile application that strengthens the link between
farmers and buyers, allowing them to trade fairly, verify quality confidently, and

communicate without unnecessary middlemen.

Objectives:
I)  Build a user-friendly mobile app using Flutter where farmers can upload their
products with photos, basic details, and prices, and buyers can browse and

purchase without needing a third party.



1)

1)

V)

V)

VI)
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Introduce an Al-based freshness detection system (starting with apples) to help
buyers make informed decisions and avoid spoiled or low-quality products.
This adds a layer of trust that current platforms lack.

Integrate a 24/7 Al chatbot that can guide users through common issues like
account setup, product listing, or troubleshooting. This helps users who may
not be very tech-savvy.

Use Firebase for backend services, ensuring fast performance, secure data
storage, and reliable authentication without the complexity of managing
physical servers.

Encourage fair trade practices by eliminating middlemen and giving farmers
the ability to set their own prices based on the actual quality of their produce.

Enable bulk purchases for restaurants, wholesalers, and businesses that prefer

to deal directly with farmers for fresh supplies.

Scope of Project

The scope of Harvest Direct focuses on developing a fully functional mobile

application that provides a direct marketplace for farmers and buyers while integrating

intelligent features that improve trust and usability.

In Scope:

Designing and developing an Android mobile app using Flutter.

Creating separate interfaces for farmers and buyers with features tailored to
their needs.

Enabling product listings, search options, and order placement.

Implementing an Al model that analyzes apple images to classify whether they
appear fresh or spoiled.

Adding an Al chatbot capable of answering common questions and guiding
users step-by-step.

Integrating Firebase for real-time database operations, user authentication, and
cloud storage.

Providing notifications for orders, updates, and important alerts through
Firebase Cloud Messaging.

Supporting both individual buyers and businesses that may require bulk orders.



Out of Scope (but possible future enhancements):
e Creating an i0S version of the application.
e Adding payment gateways such as Easypaisa, JazzCash, or bank transfer
options.
e Expanding Al freshness detection to include more fruits and vegetables.
e Building a full web-based dashboard for administrators or suppliers

e Developing logistics modules like delivery tracking or route optimization.



CHAPTER 2

LITERATURE REVIEW (and/or SRS)

2.1 Technological Constraints and Digital Literacy

Many studies highlight significant technological constraints affecting agricultural
mobile apps, particularly related to farmers' low digital literacy. In rural areas, many
farmers struggle to navigate apps due to limited experience with smartphones, leading
to low adoption rates and underutilization of app functionalities [1]. The dependency
on internet access exacerbates this issue, as many rural farmers lack reliable or
affordable connectivity, limiting the usability of these apps [1][5]. Additionally,
awareness and training are key factors, as many farmers do not have the necessary
knowledge to fully utilize mobile technology [2].

There is a clear need for improved digital literacy through targeted training and user-
friendly app design to make mobile apps accessible for farmers with varying

technological skills.

2.2 Access to Technology and Infrastructure Limitations

Access to smartphones and internet infrastructure remains a significant barrier for
farmers in rural areas, limiting their ability to benefit from agricultural mobile apps
[2]. The digital divide prevents many farmers from using mobile solutions, as not all
have access to modern smartphones or the necessary network connectivity [5].
Inadequate infrastructure in rural areas such as poor irrigation systems, unreliable
storage facilities, and limited access to electricity further complicates the adoption of

mobile apps [8].
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To address these limitations, future work could focus on providing affordable, low-
cost smartphones and enhancing rural connectivity through alternative networks or

satellite-based solutions.

2.3 Lack of Integration and Fragmented Solutions

Several agricultural apps are designed to serve specific functions, such as weather
updates, pest control, or market price information. However, these apps often lack
integration, forcing farmers to use multiple apps for different tasks, which is inefficient
and time-consuming [3][7]. This fragmentation limits the overall utility of these apps
for farmers who require a comprehensive solution for managing their agricultural
activities. To address this, future work should focus on developing all-in-one platforms
that combine these functionalities into a single app, simplifying the experience and

improving usability [4].

2.4 Connectivity Issues and Offline Functionality

A major challenge highlighted across studies is the reliance on continuous internet
access, which is often unavailable in rural areas. Poor network coverage and high data
costs make it difficult for farmers to access necessary information via apps [1][6]. To
make apps more accessible, future developments should incorporate offline
functionalities, allowing farmers to continue accessing essential features even without
an internet connection [6][7]. Reducing data consumption and designing apps for low-
end smartphones will be essential in overcoming these barriers and improving

adoption in remote areas [6].

2.5 Language and Literacy Barriers

Language barriers and varying literacy levels significantly hinder the effectiveness of
agricultural apps, especially in regions where farmers may not be proficient in
dominant languages such as English [3]. Many farmers in rural areas struggle with
illiteracy, which limits their ability to use apps that require reading and comprehension.
Localization of apps into regional languages and simplifying content for illiterate

farmers is critical to making these technologies more accessible. Future work should
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focus on creating apps in multiple languages and ensuring that they cater to different
literacy levels, thus broadening their user base [4].

2.6 Market Access and Supply Chain Challenges

Another limitation noted is the difficulty farmers face in accessing markets directly
due to reliance on intermediaries and middlemen in the agricultural supply chain. This
reduces their ability to secure fair prices for their produce and increases inefficiencies
[9]. Many farmers also lack access to extension services and struggle with poor
connectivity, further hindering their ability to utilize mobile apps effectively. Future
research should focus on creating mobile platforms that connect farmers directly to
buyers and eliminate the need for intermediaries, thus improving market access and
profitability. Additionally, integrating real-time market data and payment solutions

will help facilitate direct transactions between farmers and buyers [9].

2.7 Al and Machine Learning for Crop and Disease Management

The use of Al and machine learning for crop management and disease detection has
shown potential but also presents challenges. Many apps rely on complex algorithms
that require extensive data and computational power, which may not be feasible for
farmers with limited resources [22]. Furthermore, many machine learning models face
limitations in accuracy due to issues like limited datasets, overfitting, and hardware
constraints [17][22]. Future work should focus on improving the accuracy of these
models by expanding datasets, improving real-world applicability, and enhancing the
processing power of devices. Developing lightweight, optimized Al models for
handheld devices will be crucial for enabling more farmers to access these advanced

tools for crop management and disease detection [14][22].

2.8 Area of Study

The study focuses on this project, a mobile application designed to improve the
agricultural supply chain by connecting farmers directly with buyers eliminating
intermediaries and ensuring fair pricing and fresh produce. The app integrates Al-

powered freshness detection for quality verification, particularly for apples, and



8

features a 24/7 Al chatbot for user support. Built using Flutter and Firebase, it offers
secure, real-time transactions with AES encryption and supports multiple regional
languages to enhance accessibility. Additionally, it facilitates bulk purchases for
businesses and restaurants, promoting sustainable farming and reducing food waste,
while empowering farmers with better profit opportunities and consumers with high-
quality, fresh produce.

Table 2.1 SLR (Systematic Literature Review)

Ye | Paper Authors Metho | Perform | Contrib | Future | Datas
ar | Title dology | ance utions Gap et
Metrics
20 | Designing | Mufti, A., | Researc | System Design | Focus Not
17 | mobile Novianti, h and | usability, | of alon specif
farmer D., & | Develo | applicati | mobile | better ied
applicatio | Anjani, D. | pment | on app system
n__ using (R&D); | functiona | integrati | integrati
object Object- | lity after | ng on and
oriented Oriente | testing existing | testing
analysis d system, | on a
and Analysi improve | larger
design. s and S access | scale
Design for
farmers
20 | Astudyof | Singh, D., | Survey- | User Highlig | Need Not
24 | farmers Shehrawat, | based feedback, | hts the | for specif
perception | P. S., | study; usability | challeng | more ied
about Godara, A. | focus testing, es and | user-
agricultur | K., & | group adoption | opportu | friendly
al_mobile | Kumari, N | discussi nities in | apps for
apps. ons mobile | rural
with applicati | farmers
farmers ons for | with
farmers | limited




digital
literacy
20 | Survey of | Patel,H., & | Survey | Performa | Identifie | Integrat | Not
16 | android Patel, D. and nce  of | sgapsin | ion of | specif
apps _ for analysis | apps in | current | multiple | ied
agricultur of terms of | mobile | farming
e sector. existing | user applicati | function
mobile | interface | ons and | alities
and suggests | in a
functiona | improve | single
lities ments app,
offline
capabili
ties
20 | Comparati | Kaur, S., & | Survey- | User Identifie | Need Not
17 | ve_ study | Dhindsa, K. | based satisfacti | s the | for specif
of S study, on, app | most better ied
android- compar | ratings, useful integrati
based M- ison of | and agricult | on and
Apps _for M-apps | downloa | ural user-
farmers. features | ds apps and | friendly
their design
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20 | Review on | Khan, Descrip | App Review | Address | Not
24 | Use of | Sheema & | tive downloa | of ing specif
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Applicatio | Poonam. seconda | ratings, apps for | ogical
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Digital from feedback | ure, and
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e. Play ting user | connect
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transform collecti | on, usage | apps on | enhanci
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Types, agricult der experie
impacts, ural farmers | nce
case apps and their
studies, producti
and vity
recommen
dations.
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CHAPTER 3

DESIGN AND METHODOLOGY

Development Methodology

3.1.1 Agile Scrum Framework

To manage the complexity of the project, which included app development, Al model

integration, and backend management, the team used the Agile Scrum framework. The

work was divided into short, manageable sprints, each focusing on completing a

specific module or component of the system. This approach allowed the team to

quickly adapt to new requirements, implement feedback from users, and deliver a

functional product at the end of each sprint.

3.1.2 Sprint Breakdown

Each sprint involved focused tasks designed to achieve a particular milestone. The

breakdown of the sprints is as follows:

Sprint 1: Requirement gathering, defining user personas, and outlining the

basic app flow.

Sprint 2: Ul/UX design using Figma, followed by setting up the Flutter project
for mobile development.

Sprint 3: Firebase authentication setup and database structure configuration.
Sprint 4: Development of the farmer and buyer modules, including product
listing, browsing, and chat functionalities.

Sprint 5: Al model training using Google Colab, along with dataset preparation.
Sprint 6: Integration of the API for the Al-powered freshness detection system.

Sprint 7: Final testing, bug fixing, and deployment for the first release.
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This iterative process ensured that feedback was incorporated into the development,

allowing continuous improvement.

User Personas |

Basic App Flow

//A( Ul/UX Design D

—
[/ ° Figma wireframes
* Flutter environment setup

|
Firebase Backend
Setup

( Farmer & Buyer )
Modules Development ) ™\
\\\ ff‘
| Authenticatiom
Database Schema

Product Listing
Firestore Rules

\
Browsing Flow ——
CRequirements)
Al Model )

\

\
\

Chat & Messaging

2 Development

(' API Integration
Connect ML API
» Connect ML API
* Freshness Detection

Freshness Detection
App Workflow Link
C QA Testing Final Testing
& Release
Bug Fixing .
Deployment QA Testing
Bug Fixing

Figure 0.1: Sprint Breakdown Tasks

3.2 System Architecture

The Harvest Direct system is composed of several interconnected components, each
with a specific role. These components work together to provide a seamless experience

for both farmers and buyers.
3.2.1 High-Level Architecture
The system consists of four main layers:
Frontend Layer: The mobile application built using Flutter for cross-

[ ]
platform development.
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Backend Layer: Powered by Firebase, which includes Firebase
Authentication, Firestore for database management, Firebase Storage for
image handling, and Firebase Cloud Messaging for real-time notifications.
Al Model Layer: A MobileNetV2 model, converted into TensorFlow Lite
for efficiency on mobile devices.

Chatbot Layer: A Natural Language Processing (NLP)-based
conversational support system to assist users.

Each layer communicates only where necessary, minimizing complexity and

improving the system's performance.

3.3

Backend Layer:
Powered by Firebase
(Authentication, Firstore,
Storage, Cloud
Messaging)

Chatbot Layer:
NLP-based Conversastional
Support System

Frontend Layer:
Mobile Application
Built with Flutter

Al Model Layer:
MobileNetV2 Model

Figure 0.2: High-Level Architecture

Mobile Application Design

3.3.1 User Interface (Ul) Structure

The Ul of the app was designed with simplicity and ease of use in mind, as many

farmers may not be familiar with complex mobile applications. The app layout features

large text, clear navigation, and minimal clutter.
Main Ul Modules:
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Table 0.1: Main Ul Modules of Harvest Direct

Module Description

Farmer Module Allows farmers to add product details, upload images, set prices,

and manage listings.

Buyer Module Enables buyers to browse produce, apply search filters, chat with

farmers, and place orders.

Chat Module Provides one-to-one messaging with push notifications for real-

time communication.

Freshness Detection |  Allows buyers to upload apple images and receive a freshness
status.

Chatbot Offers FAQ and step-by-step guidance through conversational

prompts.

3.3.2 User Experience Design

e Big Buttons for Easy Tapping: Ensures ease of use, especially for users with
limited mobile experience.

¢ Minimal Typing: Reduces the need for text input, making the app more user-
friendly.

e Icons: Icons are used to assist farmers who might not be fluent in English.
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Figure 0.3: Users Flow Diagram

3.4 Backend Design
3.4.1 Firebase Authentication

Firebase Authentication provides a robust solution for managing user authentication
and secure logins within the Harvest Direct app. It allows both farmers and buyers to
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access the app with secure credentials. The Firebase Authentication service is easy to
integrate and provides various authentication methods. Here’s how the authentication
system works for different types of users:
Buyer Login:
e Buyers can create an account or log in with their email and password.
e After logging in, buyers can browse through the products listed by farmers,
view details, and place orders.
Farmer Login:
e Farmers create their own account or log in securely using their credentials to
manage their products.
e Once logged in, farmers can upload their products, set prices, and manage
product details such as images, descriptions, and quantity.
Password Reset:
If a user forgets their password, Firebase Authentication provides a secure password
reset flow. This ensures that only the rightful user can reset the password through their
registered email.
Google Sign-In :
To simplify the login process, users can log in using their Google account. This
provides a quicker and more convenient authentication method. Firebase
Authentication makes it easy to integrate Google Sign-In for both iOS and Android
platforms.

3.4.2 Firestore Database Structure

Firestore is a real-time NoSQL database that automatically syncs data across all
devices, which makes it perfect for this app, especially with features that require real-
time updates like product listings, orders, and chat systems. Below is the Firestore
structure that will be used to store various types of data for Harvest Direct.

Users Collection:

The Users Collection stores user data, including personal information and their role
(whether they are a farmer or buyer). Each user has a unique userld document.

Products Collection:
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The Products Collection stores information about products listed by farmers, such as
the product name, price, and image URL. Each product is stored in a document
identified by productld.

Orders Collection:

The Orders Collection holds order data, including the buyer and farmer IDs, as well as

the product ordered. This collection links buyers, farmers, and products in one record.

Firestore
Database

-

Users 3 Products
/ Collection \ ‘Collection
\\‘/,
Name Pole Farmerld ProductName
Phone Price
| \_— Buyerld /

~ Orders -~ Farmerid
“Collection
\ Productld

Figure 0.4: Firestore Database Structure
3.4.3 Firebase Storage

Firebase Storage is used to store and retrieve files such as images or videos. It is
designed to be scalable and can handle large files efficiently. In the context of this app,
Firebase Storage is used for two main purposes:

Product Images:
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Farmers upload images of their products (e.g., apples) to Firebase Storage, which are
then linked to the product listings in Firestore. These images are stored securely and
can be easily retrieved when buyers browse products.

Freshness Detection Images:

When a buyer uploads an image of an apple to check its freshness, the image is sent to
Firebase Storage. It is then processed by the Al model to determine if the apple is fresh

or spoiled. The image is stored temporarily until the analysis is complete.

3.5 Al Model Design

3.5.1 Overview of Freshness Detection Model

We used MobileNetV2 model which is a lightweight Convolutional Neural Network
(CNN) specifically designed for mobile devices. It excels at running efficiently on
mobile platforms while maintaining high accuracy for image classification tasks.
Here's why MobileNetV2 is ideal for the Harvest Direct app:

Table 0.2: Features of MobileNetV2

Feature Description
Model Type MobileNetV2 (Lightweight Convolutional Neural

Network for mobile devices)

Speed Optimized for mobile devices, ensuring fast and efficient

execution even on devices with limited resources.

Compactness Smaller in size compared to traditional CNNs, making it
ideal for mobile environments where resources are

limited.

Accuracy Achieves high accuracy for image classification tasks,
making it reliable for freshness detection.

Tenserflow Lite Can be converted into TensorFlow Lite (TFLite) format,
Compatibility which optimizes the model for mobile deployment and

ensures faster inference times.
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3.5.2 Dataset Description

The dataset used for training the model is crucial for its ability to detect apple freshness
accurately. The dataset consists of two main categories:
Fresh Apple Images:
These images contain high-quality apples that are fresh and ready for sale. They serve
as the positive class for classification.
Spoiled Apple Images:
These images contain apples that are rotten, bruised, or spoiled. They serve as the
negative class for classification.
Preprocessing Steps:
Before training, the dataset undergoes several preprocessing steps to ensure
consistency and improve the model's performance:
e Resizing: All images are resized to 224x224 pixels, a standard input size for
MobileNetV2, to ensure uniformity across the dataset.
e Normalizing: Pixel values are scaled to a range of 0-1 by dividing by 255. This
helps in faster convergence during training.
e Data Augmentation: Data augmentation techniques such as rotation, flipping,
and zooming are used to artificially expand the dataset, introducing variety and

helping the model generalize better on unseen images.

3.5.3 Model Training Steps

Here’s a step-by-step breakdown of how the model is trained:
Table 0.3: Model Training Steps

Step Description
Load Pre-trained Use pre-trained weights from ImageNet to
MobileNetV2 reduce training time and leverage previously

learned features.

Remove Classifier Head Remove the top layer (classifier) of
MobileNetV2 and replace it with a custom

classification layer.
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Add Custom Dense Layer

Add a dense layer for classification, with a
softmax output to predict either "Fresh" or
"Rotten".

Train the model

Train the model on the apple dataset (fresh and

spoiled images) to learn distinguishing features.

Evaluate Performance

Measure model accuracy and loss on test data
to assess its generalization ability.

Convert to TensorFlow Lite

Convert the trained model into TensorFlow

Lite for efficient mobile deployment.

Integrate with Flutter App

Integrate the TensorFlow Lite model into the
Flutter app to provide real-time predictions for

users.

3.5.4 Model Output

The output of the trained model is a classification label that determines the freshness

of the apple. The two categories are:

Fresh (Class 0): If the model predicts that the apple is fresh, the app will display a

message such as:

“This apple appears fresh.”

Rotten (Class 1): If the model predicts that the apple is rotten or spoiled, the app will

display a message such as:

“This apple is likely spoiled.”

This real-time prediction helps buyers make more informed decisions when purchasing

produce.



28

( Upload Apple Imagej

.

Run Image through
MobileNetV2 Model

(Upload Apple Image

Prediction

Fresh Rotten
Display 'This Display ‘This apple
apple appears is likely spoiled.’
fresh.

Figure 0.5: Model Output Flow Diagram

3.6 Chatbot Design

The Harvest Direct app integrates a Natural Language Processing (NLP)-based chatbot
designed to assist both farmers and buyers by answering common queries, resolving
issues, and guiding them through various processes. The chatbot enhances the user

experience by providing instant support.

3.6.1 NLP-based Chatbot

An NLP-based chatbot uses algorithms that allow it to understand and process human
language. Here are the key features of the chatbot:

o FAQs (Frequently Asked Questions):
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The chatbot provides quick answers to common questions, reducing the need for users
to search through the app or wait for support.
Examples of FAQs might include:
“How can | upload a product?”
“How do I place an order?”
“What is the freshness check process?”

e Complaint Handling:
If a buyer or farmer faces an issue (e.g., a problem with an order or the product), the
chatbot helps resolve the dispute by providing troubleshooting steps or forwarding the
complaint to the appropriate person.
Example:
“I received a spoiled apple. What should | do?”
The chatbot can either resolve the issue through the system or escalate it to a human
support team.

o Marketplace Guidance:
The chatbot guides users through the marketplace, helping them understand how to
browse products, apply filters, add products to their cart, and place an order.
It can also suggest products based on preferences or past behavior.

e Step-by-Step Instructions:
The chatbot assists with tasks by providing step-by-step instructions on how to use the
app's features, such as setting up an account, uploading products, or checking the
freshness of an apple.
Example:
"To upload a product, click on the 'Add Product' button, enter the product details, and

upload an image."

3.6.2 Conversation Flow

The conversation flow describes the steps that the chatbot follows when interacting
with users. Here's how the chatbot process works:

e User Sends a Message:
The user types a message in the chatbot interface. For example, “How do I place an

order?” or “What is the price of apples?”
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e Bot Identifies the User's Intent:
Using NLP algorithms, the bot processes the message and tries to understand the intent.
Intent recognition is the process of determining the user's goal (e.g., asking for a price,
requesting help, etc.).

e Fetch the Appropriate Response:
Once the intent is identified, the chatbot fetches the appropriate response from a
predefined database or knowledge base. This could involve searching through FAQ
data or triggering an action like escalating the issue to customer support.

e Response Displayed in Real-Time:
The chatbot sends the response back to the user, usually within seconds. This response
can be a text message, a suggestion, or even an action trigger (like navigating to a

particular screen in the app).
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Figure 0.6: Chatbot Flow Diagram
3.7 Testing Strategy

The Testing Strategy is crucial for ensuring that the Harvest Direct app works correctly
and efficiently. The table format provides clarity on the different testing types.
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Table 0.4: Types of Testing Strategy with their Key Tests

Testing Type

Description

Key Tests

Functional

Testing

Ensures the core functionality

of the app works as expected.

Product Upload: Ensure
farmers can upload products

correctly.

Order Placement: Validate
the buyer’s ability to place

orders.

App Navigation: Verify
smooth transitions between

SCreens.

Al Testing

Focuses on testing the Al
model for accuracy,
generalization, and handling

edge cases.

Unseen Images: Test the
model's ability to generalize

to new images.

Prediction Accuracy: Check
the model’s accuracy with
different apple images.

Edge Case Testing: Evaluate
performance under conditions
like low-light or blurry

images.

User Testing

Involves feedback from real
users (farmers and buyers) to
improve usability and

interface.

Farmer Usability: Test how
easily farmers can manage

listings and orders.

Buyer Usability: Test how
easily buyers can browse and

place orders.

Feedback Refinement:
Collect feedback from both
groups to improve the

interface.
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CHAPTER 4

DATA AND EXPERIMENTS (and/or IMPLEMENTATION)

4.1 Dataset

4.1.1 Overview of Dataset

For this project, we used the Fruit and Vegetable Disease - Healthy vs Rotten dataset
from Kaggle, which contains images of various fruits and vegetables, including apples.
The dataset is labeled with two categories: fresh (healthy) apples and spoiled (rotten)
apples. These images serve as the foundation for training the Al model to classify the
freshness of apples accurately in real-world applications.

Dataset Link: Fruit and VVegetable Disease - Healthy vs Rotten

4.1.2 Dataset Description

Fresh Apple Images: Images of high-quality, fresh apples.

Spoiled Apple Images: Images of apples that are spoiled, bruised, or rotten.

Image Types: The images are taken under different conditions, with varying light,
angles, and backgrounds. This adds to the challenge of the model in distinguishing

fresh apples from spoiled ones.


https://www.kaggle.com/datasets/muhammad0subhan/fruit-and-vegetable-disease-healthy-vs-rotten
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Apple__Healthy Apple__Rotten

Figure 4.1: Random Images from both classes
4.1.3 Dataset Class Distribution

The class distribution of the dataset indicates the number of images for each class,
which is crucial to ensure that the model is not biased towards one class due to data
imbalance. A balanced dataset allows the model to learn the characteristics of both
classes equally well.

For this dataset, the distribution is as follows:

Fresh Apples as Class 0

Spoiled Apples as Class 1

This class distribution can influence model performance, and strategies like data
augmentation can be used to address any imbalance.

Training Class Distribution

B Apple__Healthy
B Apple_ Rotten

. 57.8%

Figure 4.2: Classes Distribution
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4.2 Preprocessing

4.2.1 Image Resizing and Normalization

All images were resized to 224x224 pixels, the input size required by the MobileNetV2
model. This standardization ensures that the model receives uniform input dimensions.
After resizing, the pixel values were normalized by scaling them to a range of 0-1 by
dividing by 255 to improve model convergence during training.

4.2.2 Data Augmentation

To address the issue of limited data and improve generalization, several data
augmentation techniques were applied:
e Rotation: Randomly rotate images by up to 30 degrees.
e Flipping: Flip images horizontally.
e Zooming: Introduce zooming effects on the images.
e Brightness Adjustment: Randomly adjust the brightness of the images to
simulate varying lighting conditions.

Class: 1 Class: 0 Class: 0 Class: 0 Class: 1

_— N R
LAY

Class: 1 Class: 0 Class: 1

Figure 4.3: Visualization of the first 10 training images with their corresponding
class labels to verify correct data loading and preprocessing.
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4.3 Model Training
4.3.1 MobileNetV2 Architecture

The model chosen for this project is MobileNetV2, which is optimized for mobile
applications. It uses depth-wise separable convolutions to reduce the model size while
maintaining high accuracy, making it ideal for mobile deployment.

e Model Type: Convolutional Neural Network (CNN)

« Efficiency: Designed to work well with limited computational resources,

especially on mobile devices.
o Accuracy: High accuracy for image classification tasks.
e TensorFlow Lite Compatibility: Can be converted into TensorFlow Lite

format, ensuring faster and more efficient execution on mobile devices.

input layer 1 ( {None, None, None, 3)

resizing ( {None,

mobilenetv2 1.00 224 -

dense ( {Mone,
dropout (

dense 1 ( {None,
Total params: (11.12 MB)

Trainable params: (2.51 MB)
Non-trainable params: (8.61 MB)

Figure 4.4: Model Summary

4.3.2 Transfer Learning and Fine-tuning

A pre-trained MobileNetV2 model was used, fine-tuned on the dataset of apple
images. This approach leverages pre-learned features from a large-scale dataset
(ImageNet) to reduce training time and improve the performance of the model. The
top layers of the pre-trained model were replaced with a custom dense layer to perform

binary classification (Fresh vs Rotten).



4.3.3 Model Training Process

Optimizer: Adam optimizer was chosen for efficient convergence.

Loss Function: Binary Cross-Entropy, suitable for binary classification.
Metrics: Accuracy and F1-score were used to measure model performance.
Epochs: The model was trained for 20 epochs with a batch size of 32.
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Figure 4.5: Training & Validation Acuuracy vs Loss

4.4 Model Evaluation

4.4.1 Testing the Model

The model was tested on a separate test set to evaluate its performance. The goal was

to determine how well the model generalized to new, unseen data. The evaluation

metrics used were accuracy, precision, recall, and F1-score.

e Test Accuracy: The percentage of correctly classified images in the test set.

e Precision: The ratio of true positive predictions to all positive predictions.

o Recall: The ratio of true positive predictions to all actual positives in the dataset.

e F1-Score: The harmonic mean of precision and recall, used to balance both

metrics.

4.4.2 Model Performance Metrics
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Confusion Matrix: The confusion matrix helped us visualize the true positives, true

negatives, false positives, and false negatives.
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Figure 4.6: Confusion Matrix
Precision and Recall: These metrics helped assess how well the model correctly
identifies fresh vs. rotten apples and avoids misclassifications.
F1-Score: An essential metric that balances both precision and recall, ensuring that the
model is not biased towards one class.
Table 4.1: Model Evalution Table

Metric | Apple_Healthy | Apple_Rotten | Macro | Weighted | Overall
Avg Avg Accuracy
Precision 0.95 0.70 0.83 0.84 -
Recall 0.67 0.96 0.81 0.80 -
F1-Score 0.78 0.81 0.80 0.79 -
Support 335 276 611 611 -
Accuracy - - - - 0.80
(80%)

4.5 Integration with Flutter App
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4.5.1 TensorFlow Lite Model Conversion

After training, the MobileNetV2 model was converted into TensorFlow Lite format,
making it compatible for deployment on mobile devices. This conversion reduces the

size of the model and optimizes it for faster performance on smartphones.

4.5.2 Real-time Integration in Flutter App

The TensorFlow Lite model was integrated into the Harvest Direct Flutter app to
provide real-time predictions. Users can upload images of apples, and the app uses the
trained model to classify whether the apple is fresh or rotten.

Real-Time Classification: The model provides results in real-time, showing whether
the apple is fresh or spoiled, allowing buyers to make informed decisions before
purchasing.

4.6 Backend Development with Firebase

4.6.1 Firebase Authentication

Firebase Authentication was used to handle user authentication in the app. Users can
sign up and log in using email/password or Google Sign-In for ease of use. The
authentication process ensures that only registered users can list products or place

orders, providing a secure environment.

4.6.2 Firestore Database

We used Firebase Firestore for real-time data storage, which handles user data, product
listings, orders, and freshness checks. Firestore allows seamless synchronization
across all devices, ensuring that users see the most up-to-date information.

e Users Collection: Stores user information (farmers and buyers).

e Products Collection: Contains data about the products listed by farmers.

e Orders Collection: Tracks orders placed by buyers.

4.6.3 Firebase Storage
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Firebase Storage was used to store product images and freshness detection images
uploaded by users. This scalable storage solution ensures quick retrieval of images
when browsing products or analyzing apple freshness.

4.7 User Interface (Ul) and User Experience (UX) Design

The Harvest Direct mobile app was developed using Flutter, a cross-platform
development framework. Flutter was chosen for this project because it allows for the
development of apps for both Android and iOS from a single codebase, making it
easier and faster to deploy across multiple platforms. The app's User Interface (Ul)
was designed with simplicity and ease of use in mind, particularly targeting farmers
who may not be familiar with complex mobile applications. The Ul follows a
minimalistic design philosophy, making it easy to navigate and ensuring that even
users with limited technical experience can operate the app without difficulty.
Table 4.2: Ul and UX Design Table

add to cart.

Feature Description Target User
Role Selection | Users select either "Buyer™ or "Farmer" roles, | Both Buyers &
which tailors the app's features accordingly. Farmers
Farmer A central hub for farmers to manage products, Farmers
Dashboard track orders, and view sales analytics.
Product Buyers can browse products, filter by Buyers
Listings freshness, price, and other criteria.
Product Detail Detailed product information with freshness Buyers
Page analysis and pricing. Includes the option to

Al Freshness

Al-powered freshness score for products

Both Buyers &

issues.

Detection based on image analysis. Farmers
Order A comprehensive view for farmers to track | Both Buyers &
Management | and manage their orders (processing, shipped, Farmers
delivered).
Chatbot An Al-based chatbot that provides real-time | Both Buyers &
Assistance assistance with common queries and order Farmers
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CHAPTER 5

RESULTS AND DISCUSSIONS (or USER MANUAL)

5.1 Front-End (Flutter)

The front-end of the Harvest Direct mobile application was developed using Flutter, a
cross-platform development framework. Flutter’s ability to compile to both Android
and iOS ensures broad accessibility and a consistent user experience across platforms.
The Ul was designed to be user-friendly, with minimalistic elements to assist farmers
who may not have prior experience using complex mobile applications. The interface
includes large text, easy navigation, and intuitive icons. The app provides several key
screens, such as onboarding, sign-up/login, role selection, and product browsing, all
designed to ensure a smooth flow of operations for both farmers and buyers. The Al
Freshness Detection Screen utilizes a machine learning model to analyze apple images,
providing a freshness score that is easily understandable. The app’s user interface also
features seamless integration with a chatbot for real-time support, and a dashboard to
manage orders and product listings, empowering farmers to efficiently manage their
business. Flutter ensured that the development process was streamlined, providing a

high-quality, responsive, and visually appealing experience.

5.1.1 Splash Screen

Harvest Direct seamlessly connects local apple farmers with quality-conscious buyers.
With our Al-powered freshness detection and secure transactions, we ensure the
freshest produce and a smooth, trusted shopping experience. Get ready to explore a

new way of buying fresh, directly from the source.
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Figure 5.1: Splash Screen

5.1.2 On-Boarding Screens

Harvest Direct bridges the gap between fresh apple farmers and quality-conscious
buyers through a direct marketplace. Find local farmers, communicate directly with
sellers, and build trusted relationships for a seamless buying experience. Shop with
confidence thanks to secure transactions, bank-grade security, and 24/7 multilingual
support. Our Al-powered freshness detection guarantees you get the freshest apples
every time, with real-time quality scanning and instant freshness scoring for peace of

mind.
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»

Connect Farmers to Buyers

Bridge the gap between fresh apple farmers
and quality-conscious buyers with our direct
marketplace platform.
© Find local farmers near you.
% Direct communication with sellers.

2 Build trusted relationships.

Figure 5.2: On-Boarding Screen 1
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¥ Al Analysis
96% Fresh

@

Al-Powered Apple Freshness
Detection

Advanced computer vision technology analyzes
apple quality instantly, ensuring you get the
freshest produce every time

@ Instant quality scanning

¥ Real-time freshness scoring

@ Quality guarantee

Figure 5.3:0n-Boarding Screen 2
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Shop with confidence knowing your payments
are protected and our multilingual support team
is always here to help.

& Bank-grade security
# Al chatbot in 5 languages

@® Round-the-clock assistance

® o am Get Started

Figure 5.4: On-Boarding Screen 3

5.1.3 Sign Up And Sign In Screen

Welcome to Harvest Direct! To get started, sign in with your existing account or easily
create a new one by entering your full name, email, and password. With secure sign-
in options, you can also sign up or log in using your Google account. Once logged in,
you can explore fresh apples directly from farmers ensuring a seamless and secure

shopping experience. Simply enter your details and start your journey with us today!
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Sign In Sign Up Sign In Sign Up
Email Full Name
(= ) (= J
Password Email
(o o] (o ]

Password

[@ @]

OR CONTINUE WITH

Forgot password?

OR CONTINUE WITH

{5 cContinue with Google

-~ ~
Lz Continue with Google
By continuing, you agree to our Terms of Service and Privacy Policy

By continuing, you agree to our Terms of Service and Privacy Policy

Figure 5.5: Sign In Screen Figure 5.6: Sign Up Screen

5.1.4 Forget Password Screen

If you’ve forgotten your password, don’t worry! Simply enter the email address
associated with your account, and we’ll send you a link to reset your password. Be
sure to check your spam folder if you don’t see the email. The reset link will expire in
1 hour, so make sure to act quickly. If you continue to have trouble, feel free to contact

our support team for assistance.
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& Forgot Password

@®

Reset Password

Enter your email address and we'll send you a link
to reset your password

Email Address
Send Reset Link

(@ Having trouble?

+ Make sure you enter the email address associated with

spam folder if you don't see the email

’ ¢ will expire in 1 hour
+ Contact support if you continue having issues

Figure 5.7 Forget Password Screen

5.1.5 Role Selection Screen

Select how you would like to use Harvest Direct! As a Buyer, you can browse fresh
apple varieties directly from local farmers, check Al-verified freshness scores,
communicate directly with farmers, and enjoy secure payment and delivery. As a
Farmer, you can list your apple varieties, access Al quality verification, use order
management tools, and track sales analytics to maximize profits and build lasting

customer relationships. Choose your role and start exploring.
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= imaBuyer
o & Find fresh apples directly from local farmers. Get
“
:@ quality produce at great prices.
U & Browse fresh apple varieties

& Al-verified freshness scores

Choose Your Role & Direct farmer communication

@& Secure payment & delivery

@, = %

Ai fresh detect 24/7 Support Direct Farm

How would you like to use FarmFrest

= fmasuer

Find fresh apples directly from local farmers. Get
quality produce at great prices. on I'm a Farmer

@ Browse fresh apple varieties
Sell your apple harvest directly to consumers.

Maximize profits and build customer
@ Direct farmer communication relationships.

& Al-verified freshness scores

© Seciire payment & dellVery @ List your apple varieties

@ Al quality verification

i < 1 -
k& @ ﬁv & Order management tools

Ai fresh detect 24/7 Support Direct Farm @& Sales analytics dashboard
~ a =]
S Sales Tracking Customer Base Direct Chat
% I'ma Farmer (e 9 a

Sell your apple harvest directly to consumers.
Maximize profits and build customer Select your role to continue
relationships.

@ List your apple varieties

Figure 5.5: Role Selection Screen Figure 5.6: Role Selection Screen

5.1.6 Farmer Dashboard Screen

The Farmer Dashboard provides you with all the essential tools to manage your apple
sales efficiently. Track your total revenue and monitor active orders in real-time.
Easily manage and edit your top-selling products, such as fresh apples and other
produce, with details on pricing and sales. You can also view and manage draft
products, ensuring you're always ready to list new items for sale. The dashboard is
designed to help farmers stay on top of their business and grow their customer base

seamlessly.
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;;;;;

Total Revenue Actlve Orders

Rs 13366.93 0

All time earnings No pending orders

Top Products Manage All

@{—ﬁ‘ brown rice
Rs 350.00/pe... 10 sold

;_j) Bananas

® Rs 150.00/pe... (10 sold

Draft Products View All

No drafts saved yet

Figure 5.6: Farmer DashBoard Screen

5.1.7 Published Product Screen

The Published Product Screen allows you to easily add new products to your farm's
listing. You can provide a detailed description of the product, select the farming
method (Organic or Conventional), and specify the farm location. Add certifications
like USDA Organic or Non-GMO to increase your product’s credibility. After
reviewing the product details and price, you can either publish the product immediately

or save it as a draft for later editing, giving you full control over your product listings.



49

02:00 % o @ S 48

& Add New Product

Growing Details

@ Organic ] &% Conventional

\ T

[ Spokane Valley Q J

Certifications & Labels
+ USDA Organic + Non-GMO + Pesticide-Free
+ Local Farm

Product Preview

Product Name

]

Rs 4.99 per b

Publish Product

Figure 5.11: Product Upload Screen
5.1.8 Al Freshness Detection Screen

The Al Freshness Detection feature allows you to assess the quality of your apples
using advanced computer vision. By capturing a clear image of the apple, the system
performs two types of analysis: Visual Analysis, checking for color, shape, and spots,
and Surface Quality, detecting texture and blemishes. Once the scan is complete, the
app provides a quality grade and detailed analysis, helping you determine whether the

apple meets your desired freshness standards before listing it for sale.
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<& Al Freshness Detection

an your apples for quality a ssment

Al-Powered Analysis

Advanced computer vision for apple quality

® @

Visual Analysis Surface Quality

Capture Apple Image

Position your apple in good lighting and tap to scan

B Take Photo Gallery

HE Start Al Analysis

& Analysis Complete

Quality Grade: Good

o

Figure 5.12: Al Freshness Detection Screen
5.1.9 Al Chatbot Screen

The Al Chatbot is available 24/7 to assist you with various needs. Whether you need
help tracking your order, understanding apple quality, resolving payment issues, or
getting delivery support, the Al chatbot offers a quick solution. It can also provide
farming tips and help you report issues, ensuring you receive timely assistance in any
situation. Simply choose a topic and start chatting with our Al assistant to get the

support you need.
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e Hello! I'm your Al assistant. How can | help you

today?

Choose a topic to get started:

Track My Order

Payment Issues

a7

Farming Tips

(@® 24/7 Multilingual Support

Type your message...

9
Apple Quality Help

Dellvery Support

N

Report Issue

&

Figure 5.13: Al Chatbot Screen

5.1.10 Order Updates Screen

The Order Updates Screen provides a clear overview of your recent orders. You can

track the status of each order, whether it has been Delivered or Cancelled, along with

the customer details and the total amount. The screen makes it easy to monitor each

transaction, ensuring that you stay up to date on the status of your products. With visual

indicators for delivered and cancelled orders, it helps you manage and fulfill orders

effectively.



52

01:59 % O @ € 4@

Order from ahmed

ahmed@gmail.com @

1 Items * Rs 4.99

Order from ahmed

ahmed@gmail.com @

1 items - Rs 19.96

Order from ahmed

ahmed@gmail.com

1 items - Rs 4.99

Order from ahmed

ahmed@gmail.com @

1 Items * Rs 4.99

Order from ahmed

ahmed@gmail.com CANCELLED

1 items - Rs 4.99

Order from ahmed

ahmed@gmail.com

1 items - Rs 4.99

Order from ahmed

ahmed@gmail.com @

1 Items * Rs 13332.00

©0000O0CO0

Order from Haseebullah
Amanat

haseebullah.amanat@gmail.c

om

Figure 5.14: Order Updates Screen

5.1.11 Notification Screen

The Notification Screen keeps you updated with real-time alerts on new orders and
other important updates. You’ll receive notifications whenever a new order is placed,
including details like the customer’s name, the product ordered, and the total amount.
You can easily view and manage your notifications, ensuring you're always informed
about your business activities. With the option to mark all notifications as read, this

screen helps you stay organized and responsive.
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Mark All Read

New Order Received!

Order from ahmed: per Ib hhhhh. Total: Rs
4.99

Nov 23, 2025 00:58

Figure 5.15: Notification Screen

5.1.12 Draft Products Screen

The Draft Products Screen allows you to save products before officially listing them.
You can easily view and manage saved draft products, including details like pricing
and product name. If you wish to make changes, simply tap the Edit button, or delete
the product if it’s no longer needed. Once finalized, you can publish the product,

making it available for sale on the platform.
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Bananas

Saved today

Figure 5.16: Draft Product Screen

5.1.13 Farmer Profile And Setting Screen

The Farmer Profile & Settings Screen allows you to manage your personal and account
information. You can view and edit your full name, phone number, and location,
ensuring your details are up to date. The screen also displays your user role (e.g.,
Farmer), which determines the features available to you. Additionally, you can update
your role and explore app information, such as version, build, and package name, to

stay informed about your app settings.



55

02:12 % £ = o @ $ 48

< Profile & Settings

bilal

= ‘\'g -

&% Farmer

Full Name

bilal

Phone Number

03036083462

Location

Gujranwala

User Role

Farmer
%  sell your fresh produce directly to Change
customers

App Information

Version 1.0.0
Build 2024.1.15

Package Name com.harvestdirect.app

Figure 5.17: Farmer Profile and Setting Screen

5.1.14 User dashboard screen

The User Dashboard allows you to explore fresh produce available for purchase. You
can easily browse products by category, including vegetables, fruits, grains, and herbs.
Featured products are highlighted for quick access, and you can see details like pricing
and freshness status. With the Fresh Today section, you can access farm-to-table
produce within 24 hours. The dashboard makes it simple to search for your desired
items and add them to your cart for a smooth shopping experience.
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Fresh Today
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Farm-to-table in 24 hours
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brown rice

— o m

Rs 350.00/per...

Bananas

0.0  Fresh

Rs 150.00/per...

new

0.0  Fresh

Rs 4.98/per...

- |
Figure 5.18: User DashBoard Screen

5.1.15 User profile and setting screen

The User Profile & Settings Screen allows you to view and update your personal
information, including your full name, phone number, and location. You can also
manage your user role, which determines the features available to you on the platform.
For example, as a Buyer, you can purchase fresh produce directly from local farmers.
Additionally, the screen displays app version details and other technical information

to keep you informed about your app’s status.
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< Profile & Settings

ahmed
)
)
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Full Name

ahmed

Phone Number

03093200035

Location

Gujranwala

User Role

Buyer
Buy fresh produce directly from local Change

farmers

App Information

Version 1.0.0
Build 2024.1.15
Package Name com.harvestdirect.app

Figure 5.19: User Profile and Setting Screen

5.1.16 Showing all products screen

The AIll Products Screen displays a comprehensive list of all available products,
allowing users to browse items by category, such as grains, fruits, herbs, and
vegetables. Each product is showcased with essential details like the seller's name,
product price, and freshness percentage. You can easily add products to your cart for
purchase, making it simple to find fresh and local produce. The screen also includes

filters to help narrow down your search, ensuring you find exactly what you need.
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bilal

Figure 5.20: Showing all Products Screen

5.1.17 Shopping cart screen

The Shopping Cart Screen provides an overview of all the items you’ve added to your
cart. You can adjust the quantity of each product by tapping the "+" or "-" buttons, and
the total cost is updated in real-time. The screen shows the item details, such as price
per unit, and the total for all products. Once you’ve reviewed your selections, you can

proceed to checkout to complete your purchase.
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Clear All
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Bananas
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Rs 150.00
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Total (2 items) Rs 500.00

Proceed to Checkout

Figure 5.21: Shopping Cart Screen
5.1.18 Product Checkout Screen

The Product Checkout Screen provides a detailed order summary, including the items
purchased, their quantities, and individual prices. The subtotal is calculated along with
applicable taxes and shipping charges, giving a clear view of the total amount due.
Below, users can enter shipping information such as name, email, phone number, and
address to complete the purchase. Once everything is confirmed, users can proceed to
finalize the order, ensuring a seamless checkout experience.
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Order Summary

T 0 ic
%; brown rice Rs 350.00

1 x Rs 350.00/per kg

Banan
ananas Rs 150.00

1 X Rs 150.00/per dozen

Subtotal Rs 500.00
Tax (8%) Rs 40.00
Shipping Free
Total Rs 540.00

Shipping Information

ahmed
ahmed@gmail.com
03093200035
Street Address

Gujranwala State ZIP

Figure 5.22:Product Checkout Screen

52 Back-End Development

The backend of Harvest Direct is powered by Firebase, providing a robust solution for
authentication, real-time data management, and cloud storage. Firebase Authentication
handles secure logins for both farmers and buyers, allowing for multiple authentication
methods, including email/password and Google Sign-In. The real-time database
solution, Firestore, allows for seamless synchronization of data, ensuring that product
listings, orders, and user interactions are instantly reflected across all devices. Farmers
can upload product images, which are stored in Firebase Storage, and linked to their
product listings. Additionally, the backend integrates an Al-powered freshness
detection system, utilizing a MobileNetVV2 model for real-time image analysis of apple
freshness. The backend is designed for scalability, handling an increasing number of

users and transactions. Firebase Cloud Messaging enables real-time notifications for
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updates on orders, product listings, and other important actions, keeping users
informed and engaged. The integration of Firebase ensures the app's functionality
remains secure, fast, and responsive, offering a seamless experience for both buyers
and farmers.
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CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The "Harvest Direct” mobile application has successfully tackled several pressing
challenges in the agricultural sector, particularly the inefficiencies in the supply chain
and the disconnect between farmers and buyers. By eliminating intermediaries, the
platform ensures that farmers receive fairer prices for their produce, while buyers
benefit from fresher products at lower costs. The integration of an Al-powered
freshness detection system, specifically designed to assess the quality of apples, sets
the app apart by offering buyers an innovative way to verify product freshness before
purchase. This technology, coupled with a user-friendly interface, has made the app
accessible to farmers with limited technological literacy, empowering them to list
products, set prices based on quality, and manage their orders with ease.

The secure transaction system powered by Firebase and the integration of a 24/7 Al
chatbot ensure that both farmers and buyers have continuous support, enhancing trust
and reliability. The app's flexibility, including its ability to cater to both individual and
business buyers, further strengthens its value proposition. Overall, "Harvest Direct" is
a pivotal solution that supports fair trade practices, improves the livelihoods of farmers,
reduces food waste, and promotes sustainable farming. The application serves as a
critical step toward modernizing the agricultural marketplace and can serve as a

foundation for further development and expansion within the sector.
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6.2 Recommendations And Future Work

Building on the current success of "Harvest Direct,” we recommend the following

strategic improvements and developments for the future growth of the application:

1. Enhance Al Freshness Detection:
Expand the Al-powered freshness detection to include a broader range of produce,
such as vegetables and other fruits. Improve the model’s ability to detect spoilage in
various conditions, including low-quality images, poor lighting, and different angles.
2. Integrate Additional Payment Methods:
Add more payment gateways, such as mobile wallets (e.g., Easypaisa, JazzCash) and
direct bank transfers, to provide users with flexible and secure payment options.
3. Develop Offline Functionality:
Implement offline capabilities for areas with limited internet access, enabling farmers
to manage their listings, orders, and product details even without stable connectivity.
4. Implement Logistics and Delivery Tracking:
Introduce a logistics module that includes real-time order tracking and route
optimization to streamline delivery and improve the order fulfillment process for both
farmers and buyers.
5. Support Multilingual Capabilities:
Expand the app’s language support to cater to a more diverse user base, enabling
farmers and buyers from various linguistic backgrounds to fully utilize the platform.
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APPENDIX A: Code snippet of Farmer Dashboard

) File Edit

context, Wi

ontext

tring action

productRow(String name, St | double rating, int sold, int reviews,
t _productRowFromiodel (Px

QuickAction

a icon, String label) {

{) Dart &
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APPENDIX B: Code snippet of Buyer Dashboard

] File
ment st t sstDirect eat h0arC entation s > O buyer_dashboard_page.dart

erDasht

jet _buildHeader

dget _buildSearchBar

ard(String title,
dFreshTodayBanner ()
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dProductImage
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APPENDIX C: Code snippet of MAIN.DART

File Edit View ® ar g 0B 0

v maindart X

haseebullah » Dacuments jest-Direct-HarvestDirect > lib

main()

theme me.lightTheme

darkTheme: | heme . darkTheme,
themeMo




71

APPENDIX D: Code snippet of Firebase

File Edit Sels

In,signIn();

elser.authentication;

nInWithCredential(credential);

> sionut() a
art &




