Chapter 1

Introduction

1.1 Background

In the agriculture and food industries, assuring the quality of fruits and vegetables is critical
for maintaining supply chains, preventing food waste, and meeting customer expectations.
Manual inspection has long been the standard method of quality control but with recent
advances in deep learning and computer vision, it is now possible to automate these
processes, resulting in more accurate and efficient quality assessments. As
more people demand high quality products, it is becoming increasingly important to have
improved procedures for sorting and grading fruits and vegetables at packaging facilities and
supermarkets. Deep learning, particularly using tools known as Convolutional Neural
Networks (CNNs), has excelled at identifying objects and evaluating photos, making it
smooth for assessing the visual quality of fruits and vegetables. Additionally, sensors such as

pH sensors can provide additional chemical data, enhancing the process.

1.2 Problem Statement

Checking the quality of fruits and vegetables is really important because it affects how safe
the food is, how much money it’s worth, and whether people like it. Normally, people check
the quality by hand, but this takes a lot of time, and they can easily make mistakes, which
leads to more food getting wasted and uneven quality. This can cost a lot of money and even
make the food unsafe, especially now that people want higher-quality products.

In big farms or businesses, it’s even harder to check everything because there’s so much
produce to look at. It's important to catch problems like spoilage early so they can be fixed
right away. But without good machines to do this automatically, bad things can happen, like
rejected shipments, unhappy customers, and wasted food.

This project aims to build a system that automatically checks the quality of fruits and
vegetables using Machine Learning. The system will help farmers and managers keep an eye
on quality from the farm to the store. It will use smart tools like chemical sensors to check the
inside of the produce in real time and machine learning to look at images of the fruits and
veggies. The system will also give alerts and reports so people can make quick decisions to

fix any problems.



1.3 Scope of the Project

The project to check the quality of fruits and vegetables covers a lot of areas, including
managing data, hardware, software, and making the system easy for people to use. The goal
is to create an automated system that uses sensors and image processing to make sure fruits

and vegetables are checked accurately and quickly.

a. Hardware Development

Choosing and Using Sensors: We will pick the right sensors, like pH sensors, to measure
things like the ripeness of the fruit.

Camera: A high-quality camera (Raspberry Pi Camera) will be added to take clear pictures
of the fruits in good lighting.

Power Management: If the system needs to be portable, like using a small computer

(Raspberry Pi), we’ll make sure it uses power efficiently.

b. Collecting and Sending Data

Getting Data: The system will regularly take pictures and collect information from sensors
to check the quality of the produce in real time.
Wireless Communication: The data will be sent to a central server or the cloud using Wi-Fi

or mobile networks, where it can be stored and processed further.

c. Analyzing Data and Checking Quality
Real-time Analysis: The system will have algorithms (special programs) that analyze the

data from the pictures right away to check the quality of the fruits and vegetables.

Alerts and Thresholds: We’ll set up specific quality levels, and if something goes wrong,

like spoilage, the system will alert users so they can fix the problem quickly.

d. User Interface

Simple Website for Users: A user-friendly website will be developed so farmers and
managers can easily connect with the system and access real-time data.

Dashboards and Visuals: The app will show data and trends in easy-to-read dashboards,

helping users keep track of quality checks over time and make informed decisions.



Chapter 2

Literature Survey

Numerous studies in the subject of assessing food quality have concentrated on non-
destructive methods for spotting contamination and determining how fresh fruits and
vegetables are. This review of the literature includes important studies that investigate the
combination of sensors, machine learning, and image processing for automated produce

quality.

A hybrid approach that combines chemical sensors and deep learning is presented by Sattar et
al. (2024) to identify hazardous chemical additions in fruits. The study assessed machine
learning techniques such Naive Bayes, Decision Trees, and a new deep learning model called
"DurbeenNet," which identified formalin-contaminated apples with an accuracy of 96.71%.
The device was equipped with a formaldehyde detection sensor that yielded 97.03% accuracy

when combined with image data to deliver dangerous material readings in real time.

The value of multi-modal data for precise contamination identification is highlighted by the
model's capacity  to integrate sensor data and picture analysis.
In a similar vein, Chattopadhyay et al. (2021) provide the "eJagruk system, which evaluates
food freshness and pesticide residues by combining Internet of Things (loT) sensors (light
receiver, gas, and moisture sensors) with image processing methods. The system offers real-
time organophosphate pesticide detection, such as that of malathion and chlorpyrifos, by
integrating multi-layer analysis models, statistical techniques, and spectral analysis. This

technology offers a reasonably priced way to keep an eye on pesticide contamination in food.

There have also been notable advances in the application of image processing to the
monitoring of fruit quality. A non-destructive approach using Support Vector Machines
(SVM) for classification and Histogram of Oriented Gradients (HOG) for feature extraction
was created by Sawarkar and Mungona in 2022. Fruit grading is mechanized by the system,
which focuses on visual characteristics such as fruit color, size, and form. The efficiency of
the system is increased by the integration of OpenCV with Python, which enables computer

vision-based pesticide residue recognition and real-time quality assessment.



Combining sensor-based technology with deep learning models has proven to be an effective
method for analyzing the quality of fruit. In order to identify hazardous materials in fruits,
Sattar et al. (2024) presented SensorNet, a model that combines chemical sensors and deep
learning. It is possible to identify between tainted and fresh fruit with greater accuracy when
hybrid models are used. Instantaneous feedback is offered by sensor-based techniques, but
more sophisticated image analysis is guaranteed by deep learning. Similar to
this, Aggarwal et al. (2023) demonstrated the effectiveness of Transfer Learning models like
InceptionResNetV2 by applying deep learning models for the detection of illnesses in rice
leaves. The research demonstrated the promise of transfer learning for agricultural
applications by achieving an 88% accuracy rate in disease categorization.

The study conducted by Das and Mishra (2022) examines the progress made in sensor
technologies for the identification of pollutants, mycotoxins, and food pathogens. Pesticide
residues can be found using sensors as colorimetric, electronic nose, and fluorescence

SEensors.



Chapter 3

Proposed System and Methodology

3.1 Proposed System

3.1.1 Overview

The system for checking the quality of fruits and vegetables uses a mix of hardware and
cloud technology to give real-time information about the produce. It uses a small computer
called a Raspberry Pi, which is connected to a camera to gather data from the fruits and
vegetables. The camera takes clear, high-quality pictures of the produce to check things like
color, texture, and any outside damage. The pH sensor measures the acidity inside the fruit or

vegetable to see if it's ripe or going bad.

This information is collected, cleaned up, and then sent to the cloud, where a smart machine
learning (ML) system looks at both the images and the sensor data together. The ML model
then sorts the produce based on different factors like how ripe it is or if there are any surface

defects.

The results are sent back and shown on a simple interface that’s easy to use. This display

gives a quick and clear assessment of the quality, helping users make fast decisions.

Because the system uses the cloud, data can be sent and received instantly, and people can
check the quality from anywhere. The system can also grow with demand, making it useful
for everything from small farms to big packing facilities or even stores. By using both sensor
data and machine learning, the system provides an accurate and detailed quality check, which

helps reduce food waste and ensures that only high-quality produce reaches customers.
3.2 Methodology:

1.Collecting and Preparing Data:

We use a Raspberry Pi, which is connected to a camera and a pH sensor, to gather both
images and sensor data. We collect a dataset of different fruits and vegetables, looking at how
they look (like ripeness or defects). This data is split into three parts: one for training the

model, one for testing, and one for validation.



2. Building a Machine Learning Model in the Cloud:
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Figure 3.1: Model Training Flowchart

We create a machine learning (ML) model in the cloud using tools like TensorFlow and
Keras. The model uses layers to extract features from the images and then classify them. The
goal is to train the model to sort fruits by quality based on the images and pH sensor data.
The system sends and receives data from cloud services to handle large datasets, making
predictions more accurate.

3.Using the Sensor for Data:

A pH sensor connected to the Raspberry Pi is used solely for verification purposes, ensuring
that the results from the ML model are accurate. This serves as an additional component in

the project rather than a primary factor in quality evaluation.
4. Taking and Processing Images:

The Raspberry Pi’s camera takes pictures of the fruits under controlled lighting. These
images are then processed, scaled, normalized, and cleaned up to prepare them for the ML

model.

5.Cloud Services and Data Analysis:



The cloud platform stores and processes all the data from the images and the sensor. It uses
this data to continuously improve the ML model. The cloud system also allows the model to

handle large amounts of data, which is useful for assessing fruit quality on a big scale.
6.Evaluating Fruit Quality:

The ML model looks at both the image data to sort the fruits into different quality categories.
The system gets better over time by using real-time data from the cloud and adjusting the

model for accuracy. The final evaluation is shown to the user.
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Figure 3.1: Quality Evaluation Flowchart
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7.User Interface:

A simple interface, shows the final results of the fruit classification and the pH sensor

readings. Users can give feedback to fine-tune the system, which helps improve the model's

accuracy for future use.

8. Testing the System:

The system is tested on a variety of fruits (like apples, bananas, and oranges), and the results

are compared with what experts say. Testing ensures the system can correctly tell how ripe or

flawed the fruits are. It is designed to be used on a large scale, like in fruit packing or sorting

facilities. Future updates will focus on making it faster and more accurate.

Training vs Testing Accuracy

Training Accuracy
1.0 —® - Testing Accuracy
P e G e S e [T hai o LSS
.--—.__..r'd
09
>
O
e
-
E 0.8}
0.7F
0.6 : . ' ! i
2 - 6 8 10
Epochs



3.3 System Features
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Figure 3.3: Block Diagram

1. Real-time Quality Analysis

The system lets users quickly decide the quality of fruits and vegetables by instantly
processing both images and sensor data. This is helpful in places like factories, where fast
assessments of large batches are needed. The system captures images and processes sensor

data in real time, giving immediate feedback through machine learning in the cloud.

2.Combining Image and Sensor Data:

One major improvement is how the system combines images with sensor data, making

quality checks more accurate. The pH sensor measures things like acidity inside the fruit,



while the cloud-based model looks at how the fruit looks on the outside (like ripeness and
defects), providing a full picture of its quality.

3.Classifying Multiple Quality Factors:

The system sorts fruits and vegetables based on different quality traits:
Ripeness: Tells whether the produce is under-ripe, ripe, or overripe.
Defects: Spots surface defects like bruises or mold.

pH Levels: Tracks the acidity and chemical makeup, which helps with checking freshness and
potential pesticide residue.

4. Scalability and Efficiency with Cloud Integration:

Using the cloud, the system can handle large amounts of data and quickly analyze it. This
makes it easier to use in different places, from small farms to big factories, by allowing

access to machine learning models through the cloud.
5.Portable and Expandable Design:

The system is portable, using a Raspberry Pi as the main computer, so it can be used in the
field, small farms, packing centers, or stores. It’s designed to work in places where traditional

quality control systems might be too expensive or difficult to set up.
6. User-friendly Interface:

The system is built with a simple interface, so even people without technical knowledge can
use it. The interface shows real-time data like fruit images, sensor readings, and quality
classifications in an easy-to-read format. Users can start new checks, look at past data, and

export results without hassle.
7.Customizable Quality Criteria:

Users can adjust the quality grading settings to fit their specific needs. For example, they can
change the pH thresholds for different fruits. This flexibility allows the system to work with a

wide range of produce and meet different industry standards.
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8.Data Logging and Traceability:

Every quality check is recorded, saving images, sensor data, and classification results. These
records allow users to track the quality of produce from the farm to the store, helping with
food safety compliance and providing transparency.

9.Non-destructive Testing:

Unlike traditional methods that might damage the produce, this system checks quality
without harming it. It uses both visual data and pH levels, so the fruit can still be sold or
eaten after being tested.

10. Cost-effective Solution:

By using affordable parts like the Raspberry Pi, cloud services, and low-cost sensors, the
system offers a cheaper alternative to expensive quality control machines. This makes it a
great option for small and medium-sized businesses to automate their quality checks without

spending too much.
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Chapter 4

Implementation

In this project, the quality analysis of fruits and vegetables is performed using a camera,
Raspberry Pi, with the machine learning model deployed on the cloud for processing. A
website is also developed to analyze and display the results. This system leverages the cloud's
computational power for real-time image classification and quality assessment, while the

Raspberry Pi collects the data, ensuring efficiency, scalability, and user accessibility.

/

The camera captures high-quality images, which are preprocessed by resizing them to
150x150 pixels, normalizing pixel values, and applying augmentation techniques like rotation
and flipping. Alongside this, the pH sensor measures the acidity of the produce,
complementing the visual data. Analyzed image data is sent to a cloud server, where the
Machine Learning model analyzes the images and classifies the quality as "Fresh™ or

"Rotten". Alongside this it also predicts freshness level and shelf life of the produce.

The results are then displayed on a custom-built website, providing a user-friendly interface
where users can view the classification results, including images and other important
parameters. By using the cloud for model deployment, the system benefits from powerful
computational resources, ensuring faster and more accurate analysis. The Raspberry Pi acts as
an interface, sending data to the cloud while remaining resource-efficient.
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The integration of the camera, machine learning model, cloud-based analysis, and website
display offers a comprehensive solution for real-time quality evaluation of fruits and
vegetables. This system is ideal for food processing, agriculture, and quality control
environments, offering scalability and flexibility with an accessible user interface for quality

assessment.
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Chapter 5

Implications

Using an automated system that combines sensors with deep learning will make a big
difference in the agriculture and food industries. One of the main benefits is that it will make
checking the quality of fruits and vegetables much faster and more accurate. Right now,
checking by hand is slow and not always reliable. But with this new system, large amounts of
produce can be checked quickly and correctly, which helps both producers and customers by
speeding up the process in packing houses and stores.

Another important advantage is that this system will help reduce food waste. By using
sensors and cameras to check both the outside and inside of the produce, the system can tell
more accurately whether fruits and vegetables are still good.

The system will also make sure that grading is consistent, meaning it will give the same
results every time, unlike human inspections which can vary. This is especially helpful for
companies that sell to international markets where sticking to strict quality standards is

important.

This system can have a big impact. It can help companies save money by reducing labor costs
and food waste. It’s also a cheaper option for smaller producers compared to expensive
industrial solutions, making it more accessible. Plus, the system will save quality data, which
can be used later to track trends and improve supply chains. This helps companies make

better decisions and improve their overall process.
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Chapter 6

Conclusion

The Quality Analysis of Fruits and Vegetables system is a significant advancement in
farming technology and businesses. By leveraging deep learning, farmers can monitor the
quality of their produce in real-time and detect issues such as spoilage at an early stage. This
technique enhances quality control, making it easier to track the condition of fruits and
vegetables. With advanced data analysis and a user-friendly interface, farmers and sellers can
make more informed decisions. Since all data is securely stored in the cloud, tracking
changes over time becomes effortless. Ultimately, this technology improves consumer safety,
reduces waste, and enhances farming productivity, leading to smarter agriculture and better

resource management across the fruit and vegetable supply chain.
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