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Abstract—The fruit industry is a pivotal sector in many
economies, particularly in tropical regions where mangoes
are a significant agricultural product. How-ever, this
industry faces ongoing challenges in accu-rately assessing
the quality and ripeness of fruits, which traditionally relies
on subjective evaluations based on appearance, shape,
color, and texture. Such methods are not only time-
consuming but also prone to human error, leading to
inconsistencies in quality assessments and significant post-
harvest losses. This project proposes a machine learning-
based solution specifically designed for the mango
industry, focusing on enhancing the detection and
classification of ripe mangoes through image-based
analysis. By employing advanced machine learning
algorithms, particularly Convolutional Neural Networks
(CNNs), the project aims to automate the pro-cess of
ripeness detection. The system will analyze images
captured from live feeds or uploaded by users, allowing for
accurate predictions of ripeness levels—unripe, ripe, or
overripe. The project emphasizes the importance of deep
learning techniques in improving the accuracy and
efficiency of fruit classification. CNNs will be utilized to
extract relevant features from mango images effectively,
enabling the model to learn from a diverse dataset that
reflects various ripeness stages. This approach not only
reduces reliance on manual inspection but also enhances
the consistency and reliability of quality assessments.

Index Terms—Machine Learning, Convolutional Neu-ral
Networks, Mango Ripeness Detection, Fruit Classifi-
cation, Image Processing, Agricultural Automation

I.  INTRODUCTION

The fruit industry plays a crucial role in the global
economy, providing essential nutrients and contribut-
ing significantly to agricultural exports. However, the
industry faces challenges in accurately assessing the
quality and ripeness of fruits, particularly mangoes.
Traditional methods of quality assessment rely heav-
ily on subjective criteria, such as appearance, shape,
color, and texture. These methods are prone to human
error and inconsistencies, leading to significant post-
harvest losses and economic inefficiencies. In recent
years, advancements in machine learning and
computer vision have opened new avenues for
automating fruit classification processes.

This project focuses on developing a machine
learning-based solution to enhance the detection and
classification of ripe mangoes through image analysis.
By leveraging Convolution Neural Networks (CNNs),
the project aims to provide a more reliable and
efficient method for assessing fruit quality. The fruit
industry is a vital sector that significantly contributes
to food se-curity and economic stability. In many
countries, fruits like mangoes are among the most
traded agricultural products. However, the industry
often struggles with quality control due to reliance on
manual inspection methods that can be inconsistent.
Factors such as varying ripeness levels, external
damage, and internal quality issues complicate the
classification process.

Il. LITERATURE REVIEW

Several researchers have explored Al applications in
agriculture:

. Worasawate et al. [1]: Automatic
Classification of the Ripeness Stage of Mango Fruit
Using a Machine Learning Approach. Worasawate et
al. discuss the use of machine learning classifiers for
mango ripeness detection, focusing on biochemi-cal,
physical, and electrical properties. The study explores
k-means, na“tve Bayes, SVM, and feed-forward
artificial neural networks (FANN), with the latter
achieving the highest accuracy. Despite its
effectiveness, the study highlights challenges in
generalizing the model to other mango cultivars and
the limitations posed by a small dataset. Future
research is encouraged to expand dataset size and test
different mango varieties to ensure the robustness of
the model across diverse envi-ronments.

. Anjali et al. [2]: Non-Destructive
Approaches for Maturity Index Determination in
Fruits and Vegetables. This paper reviews modern
non-destructive techniques for determining fruit ma-
turity using methods like NIR, NMR, and ther-mal
imaging. The paper emphasizes the growing use of Al
and biosensors to enhance the ac-curacy of these
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techniques. However, scalability remains an issue,
especially when deploying these technologies in large-
scale industrial applications. The cost of advanced
technologies such as MRI also limits their broader
adoption, particularly in  resource-constrained
agricultural settings.

. Sahu and Potdar [4]: Developed an image-
processing system for mango ripeness detection but
noted that the system struggled with pro-cessing large
volumes efficiently.”Defect Identi-fication and
Maturity Detection of Mango Fruits Using Image
Analysis” The authors present an image-processing-
based method for detecting de-fects and classifying
mangoes according to matu-rity. While the study
shows promise for commer-cial applications, it
struggles with the processing speed needed for large-
scale real-time implemen-tations. Future work is
recommended to improve the speed and accuracy of
these image analysis techniques to make them viable
for industrial applications.

. Naranjo-Torres et al. [5]: A Review of
Convo-lutional Neural Network Applied to Fruit
Image Processing. This paper reviews the application
of Convolutional Neural Networks (CNNs) in fruit
image processing, focusing on classification, quality
control, and detection. It highlights how CNNs
improve fruit classification accuracy, qual-ity
assessment, and automation in agriculture. No-tably,
CNNs achieve high accuracy in classifica-tion tasks,
especially with data augmentation, and are effective in
detecting defects and predicting quality using models
like AlexNet and VGG. The review also points out the
importance of multi-modal approaches for real-time
applications and suggests further research is needed to
enhance generalizability across different fruit types
and conditions.

I1l. PROBLEM STATEMENT

Traditional ripeness detection methods present sev-

eral challenges:

»  Subjectivity in Evaluation: Inconsistent results
across different inspectors.

» Labor-Intensive: Manual inspection requires sig-
nificant human effort.

» High Post-Harvest Losses: Misclassified fruits
lead to improper storage and reduced market
value.

»  Scalability Issues: Manual processes cannot meet
the demand for large-scale operations.

The proposed solution aims to automate the ripeness
detection process using CNNs, ensuring consistent
classification and reducing operational costs.

IV. SOFTWARE REQUIREMENT
SPECIFICATION (SRS)

A. Purpose

The purpose of this system is to automate mango
ripeness detection using CNNs to improve efficiency
and ensure consistency in fruit classification.

B. Scope

This project aims to support fruit processing fa-cilities
by integrating the ripeness detection system into their
workflows, providing real-time predictions through a
web-based interface.

C. Functional Requirements

+ Image Acquisition: Support for both live camera
feeds and uploaded images.

« Ripeness Classification: Use CNNs to classify
mangoes into unripe, ripe, or overripe categories.

» User Interface: Provide a web-based dashboard
for predictions and reports.

»  Alerts: Notify users of overripe fruits.

D. Non-Functional Requirements

«  Performance: The system should classify images
within 2 seconds.

»  Usability: Minimal user training required for op-
eration.

»  Scalability: Capable of handling multiple users
simultaneously.

E. Hardware Requirements

e High-resolution camera (12 MP or higher).
o  GPU-enabled server for model training.

e 512 GB SSD for storage.

V.SYSTEM ARCHITECTURE

Conv_1 Conv_2
Convolution Convolution

Fig. 1: System Architecture of the Ripeness
Detection Model
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The system architecture consists of the following

components:
» Image Capture Module: Collects live images or
uploads.

« Al Processing Layer: Processes images using
CNN models.

» Database: Stores predictions and logs.

e Web Interface: Provides a user-friendly
dashboard for results.

VI. FLOWCHART

Fruit Ripeness Prediotion System Architecture

Fig. 2: Flowchart of the Mango Ripeness Detection System

VII. IMPLEMENTATION

A. Data Preprocessing
Mango images are resized to 64x64 pixels and
normalized. Data augmentation techniques such as
rotation, flipping, and zooming are applied to enhance
model generalization.

B. Model Development

The CNN model used for this project consists of the

following layers:

« Input Layer: Accepts 64x64 RGB images.

»  Convolutional Layers: Extract features from the
input images.

* Pooling Layers: Reduce the dimensionality of
feature maps.

» Dense Layers: Perform classification based on
extracted features.

C. Model Accuracy

Model Accuracy
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Fig. 3: Training and Validation Accuracy over 20 Epochs

VIIl. CONCLUSION

The classification of ripe fruits and the evaluation of
their quality before market release is traditionally a
human-centric activity. However, recent studies in-
dicate that relying solely on physical characteristics
such as shape, color, and texture for quality
assessment can lead to significant human error, as
these fac- tors necessitate consistency during
examination. The need for a more reliable and efficient
method of fruit classification has become increasingly
apparent in the fruit industry. This project has
demonstrated that machine learning techniques,
particularly those based on deep learning and
computer vision, offer promising solutions to enhance
the accuracy of fruit detection and classification. By
leveraging advanced algorithms such as Convolutional
Neural Networks (CNNs) and Mask R-CNN, we can
automate the assessment process, thereby minimizing
the risks associated with human error.
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