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Abstract—BY integrating cutting-edge technology, the Waste Segregation and Classification
System utilizing Machine Learning project offers a creative way to transform waste
management procedures. The goal of this project is to create an automated system that can
precisely detect and classify a variety of waste materials, enabling effective resource
optimization, recycling, and disposal through segregation. The method uses convolutional
neural networks (CNNs) and other machine learning approaches to extract visual properties
from waste photos, including shape, color, texture, and size. A trained MobileNetV3Large CNN
model then makes use of these features to forecast the type or category of garbage. The
accuracy obtained reaches 98%. Moreover, this system goes beyond theoretical investigation
and incorporates real world applications by utilizing an intuitive website. The website functions
as a medium for people to engage with the trash sorting and classification system. In the end, by
automating categorization and segregation procedures, lowering errors, improving efficiency,
supporting recycling programs, and promoting a more sustainable future, this research
advances waste management methods.

Index Terms— Waste Segregation, Classification System, Convolutional Neural Networks
(CNNs), MobileNetV3Large, Sustainability.

|. INTRODUCTION

Appropriate waste segregation and classification are essential for recycling, disposal, and resource optimization
since the amount of trash produced worldwide keeps growing. Manual sorting techniques are expensive, time-
consuming, and prone to mistakes. Machine learning (ML) techniques can be implemented to increase efficiency
and yield better environmental results. This paper explores the transformative potential of machine learning in
addressing critical waste segregation and classification challenges. By leveraging machine learning models
trained on diverse datasets, this aims to provide an automated and precise solution for waste classification. In the
context of automated waste classification, machine learning algorithms such as Convolutional Neural Network,
Deep Learning, and ensemble models offer insights for accurate waste classification. The paper delves into these
methodologies to optimize waste segregation and classification. By relieving individuals from the direct task of
segregating waste at home, the model encourages compliance, simplifies waste management, and still ensures
positive environmental impact. Additionally, it has the potential for widespread implementation and can
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contribute to education and awareness regarding proper waste management practices. The subsequent sections
delve into specific methodologies, datasets, and simulation models, providing a comprehensive understanding of
how machine learning can transform waste classification. Through an exploration of related literature and
analysis of simulation results, the paper aims to present a holistic view of the potential impact of machine
learning on the future of waste classification.

Il. RELATED WORK

There are many research papers on Waste Segregation and Classification system that have been published in
recent years. The author in [1] contributes by evaluating a range of image classification and object detection
models, focusing on their applications in waste detection and classification. This involves analyzing various
waste detection and classification techniques, presenting the information in a precise and organized manner, and
compiling over twenty benchmarked trash datasets. In [2] Deep learning techniques, including convolutional
neural networks (CNNs) and transfer learning, have proven effective in waste classification, accurately
identifying various types of waste such as plastic, paper, and metal. This study reviews intelligent methods for
waste classification, highlighting that CNNs and MobileNet perform better than decision trees and random
forests, and emphasizes the need for ongoing improvements in model accuracy and efficiency through advanced
transfer learning techniques. The work in [3] The proposed model demonstrates effective architecture for a waste
management system that integrates deep learning and loT. It offers a sophisticated method for sorting digestible
and indigestible waste using a convolutional neural network (CNN), a widely recognized deep learning
approach. Additionally, the design includes a smart trash bin equipped with a microcontroller and various
sensors. In [4] The Solid Waste Management Rules, 2000 mandated that waste generators transfer their waste to
local authorities on a regular basis. The proposed system introduces a simple and efficient machine learning
approach for waste segregation, removing the necessity for human involvement. The system has demonstrated an
80% efficiency rate in testing. In [5] The authors employ an Arduino UNO microcontroller, ultrasonic sensor,
and moisture sensor, along with image processing to evaluate the waste index at designated sites. A hardware
prototype has been created for this framework, aiming to enhance waste management efficiency and support the
development of clean, pollution-free cities. This systematic literature review [6] examined 42 studies from 2010
to 2021 on Al and ML techniques for optimizing solid waste management. The research underscores the growing
need for smart waste solutions to manage increasing municipal waste efficiently. Future work should focus on
developing comprehensive end-to-end waste management systems and collaborating with municipal authorities,
while upcoming surveys should explore commercial waste management as well. In [7] Governments worldwide
are focused on sustainability and the circular economy, a trend expected to persist until at least 2050, according
to the UN and developed countries. This project advances these goals by utilizing deep learning and image
processing for waste segregation, achieving a 98% accuracy with the ConvoWaste prototype tested in a lab
environment using 12,000 images. The Automatic Waste Segregator [8] utilizes deep learning with CNN to
enable a robotic arm to sort dry and wet waste efficiently. This innovative system supports the "SWACHH
BHARAT ABHIYAN" initiative by enhancing waste management. Future advancements could include
integrating crushers and further leveraging deep learning and Al for improved efficiency. The article [9] presents
a mobile robotic system for sorting and collecting household electronic waste, addressing challenges for garbage
workers and benefiting the government. Combining autonomous robotics and deep learning, it provides accurate
waste identification for recycling centers. Future work should enhance the robot's payload for larger appliances
and expand its waste categorization for wider city use. Inadequate waste management has harmed the
environment. This paper [10] compares three pre-trained models with the proposed LADS method for waste
classification, finding that deep neural networks, especially LADS with 94.53% accuracy, outperform others.
Web-scraping enhanced photo accuracy. Future work will aim to optimize detection and broaden waste category
predictions. This paper [11] seeks to offer a simple and cost-effective solution for waste management issues. It
utilizes a robust CNN network to classify various types of waste. As the model continually learns from new data,
it is expected to make fewer errors than manual segregation by humans. [12] This waste management system
employs machine learning for accuracy prediction and deep learning for training with image datasets. It uses
binary classification to differentiate between organic and recyclable items and sorts the waste into categories
such as metallic and re-cyclable plastics. The system reports image counts via email. In [13] a fully automated
waste segregation system using deep learning, which handles large datasets and eliminates manual labor is
proposed. Future efforts will focus on optimizing results and real-time prediction accuracy, aiming to reduce
pollution and advance universal waste segregation frameworks. In paper [14] introduces the LWW dataset and
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an enhanced Faster R-CNN for comprehensive waste detection and classification. Future work will expand the
dataset, test various CNN architectures, and explore video applications and robotic waste sorting.
I1l. METHODOLOGY

Python code is used for running on the online platform Google Colab to build programmatically the
Convolutional Neural Network. It offers a fast, comfortable, and dependable cloud environment for training
large-scale models. Additionally, a wide variety of libraries dedicated to developing machine learning algorithms
are available for the Python programming language, which greatly improves accessibility to training and
assessment. These libraries include Matplotlib, NumPy, TensorFlow, and Keras. Figure 1 is the flow diagram of
the proposed model.

Data Gathering and Processing
Data Loading
Split Data for Training and Testing

Training Testing

Model Training
Model Evaluation -
< Predection ¢« User Interface

Figure 1. Flow Diagram of the model

A. Data Collection and Processing

To begin developing, testing, and assessing the model, it is needed to compile a dataset of garbage photos with
labels. The datasets for use in machine learning projects can be obtained from a variety of online resources.
These include datasets with numerical bases, such as traffic, sales, and photographs, in addition to image-based
datasets. Once the data is prepared, the next step is to start creating the Colab Notebook with the necessary
Python code. The required libraries should be imported first: TensorFlow, matplotlib. pyplot, numpy, random,
math, os, and cv2. The data should then be split into two datasets (train and test). Only the corresponding phase
of the project the model's training and evaluation uses each of them. For training and assessment, the data is
divided in the ratio of 90/10 with a batch size of 128 and all images resized to 256x256. This means that during
the training phase, the data will flow through the network in chunks of 128 images.

B. Model Building and Training

Considering the work has a sizable dataset (5,000 images), it is efficient to use Transfer Learning, a widely used
technique for training models on large datasets. This involves utilizing a pre-trained model to replace the
convolutional part of the model. As a result, the learned convolutional layers will extract relevant features from
the input images before training. Additionally, its only needed to train the final dense layers, which reduces both
training time and computational resources. Numerous pre-trained convolutional models are available, with some
of the most popular being part of the Keras API, which is used for the project. Specifically, the model is based
on the pre-trained MobileNetV3Large model.

C. Model Evaluation

Accuracy and loss values can be plotted over epochs in a graph to examine the model's behaviour throughout
training. The accuracy grows in a similar manner throughout the first epochs for both train and test values (one
per dataset), as seen in the chart, until the test accuracy eventually drops below the training accuracy (blue line)
as shown in the Figure 2. In this case, the variation in accuracy from 98.75% during training to 96.45% while
testing is barely 2%, meaning that the model's performance is unaffected by the loss of generalization.
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For each dataset, the accuracy rises in a similar manner over the first few epochs for both the train and test
values, until the test accuracy eventually falls below the train accuracy (blue line). This is a sign of overfitting;
the more the model deviates from the two values of the training and test, the more overfitting and less
generalizable it is. The Figure 3 gives the graph of the training and test loss. In this instance, the variation in
accuracy from 98.75% during training to 96.45% while testing is barely 2%, meaning that the model's
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Figure 2. Graph for train vs test accuracy
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By generating a Confusion Matrix as shown on the Figure 4 and evaluating the model with data from both
datasets, the final results can be analysed. Although 98% accurateness is achieved, the overfitting problem
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IV. RESULTS

The Results section demonstrates how the model predicts waste categories. After training, the model is deployed
to classify new or unseen waste data. The prepared data is input into the model, and the predictions are carefully
recorded and analysed. The Figure 5 and Figure 6 shows the front end of the website.
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Figure 5. Homepage Layout
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Figure 6. Interactive Features of the Frontend

The above images show the overview of the website and the intuitiveness of the website and is easy to use for
any user. Figure 7 shows that the uploaded image consists of organic waste, and it also suggests that the organic
waste is biodegradable and can be composted to create nutrient-rich soil amendments.

Test it Test 1t
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Figure 7. Result of the image uploaded Figure 8. Result of the image along with prediction

Figure 8 shows that the uploaded images consist of aluminium waste, and it is also predicting that aluminium is
not biodegradable, but it is infinitely recyclable and can be recycled through processes and refining for reuse in
various industries.

V. CONCLUSION

The garbage classification using machine learning model has significant positive effects on society. Through
careful rubbish sorting, the project reduces pollution and landfill usage, contributing to environmental
conservation. This waste management process optimization supports sustainable practices and protects natural
resources in accordance with international environmental regulations. If the effort is successful in lowering the
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cost of garbage removal and recycling, financial rewards could follow. Furthermore, it can improve public health
outcomes by decreasing the likelihood of hazardous materials leaking into the environment. Beyond the
immediate results, the project encourages innovation and recycling while highlighting the positive impacts of
technology on society and the environment. Machine learning-based trash segregation and classification systems
have the power to completely transform waste management procedures. By employing state-of-the-art
algorithms, these devices can significantly enhance recycling efforts by ensuring more accurate and efficient
trash sorting. Utilizing machine learning for waste management paves the way for a circular economy one in
which resources are recycled continuously and used more sustainably and ethically. To make these systems
better, ensure that they are adaptable to other waste streams, and address new problems. This ongoing
commitment is required if waste management is to become more environmentally conscious and sustainable in
the future.

REFERENCES

[1] H. Abduand M. H. Mohd Noor, "A Survey on Waste Detection and Classification Using Deep Learning," in IEEE Access, vol. 10, pp.
128151-128165, 2022, doi: 10.1109/ACCESS.2022.3226682.

[2] Nasir, I., & Aziz Al-Talib, G. A. (2023). Waste Classification Using Artificial Intelligence Techniques: Literature Review. Technium:
Romanian Journal of AppliedSciencesandTechnology, 5,49-59.

[3] Md. Wahidur Rahman, Rahabul Islam, Arafat Hasan, Nasima Islam Bithi, Md. Mahmodul Hasan, Mohammad Motiur
Rahman,Intelligent waste management system using deep learning with loT,Journal of King Saud University Computer and
Information Sciences,VVolume34,Issue5,Pages2072_2087,ISSN:13191 578, https://doi.org/10.1016/j.jksuci.2020. 08.016.

[4] Sindhu Rajendran, Vidhya Shree, Rajat Keshri, Rohit S, Rachana S, Waste Segregation Using Avrtificial Intelligence, International
Journal Of Scientific & Technology Research VVolume 8, Issue 12, December 2019 ISSN 2277- 8616.

[5] Gupta,Suneet Kumar,Khan,Rijwan,Kumar, Santosh,Srivastava, Akhilesh Kumar,Dhingra, Niharika,Gupta, Mahima,2021,2021-08-
27,Machine Learning and loT-Based Waste Management Model

[6] Namoun, A.; Tufail, A.; Khan, M.Y.; Alrehaili, A.; Syed, T.A.; BenRhouma, O. Solid Waste Generation and Disposal Using Machine
Learning Approaches: A Survey of Solutions and Challenges. Sustainability 2022, 14, 13578.

[7] Convowaste: An Automatic Waste Segregation Machine Using Deep Learning :Md. Shahariar Nafiz Department of Electrical and
Electronic Engineering American International University Bangladesh (AIUB), Shuvra Smaran Das Department of Computer Science
American International UniversityBangladesh (AlUB).

[8] Automatic segregate: Dry and Wet segregation using CNN (Deep Learning) with Robotic arm Harsabardhan Barik, K. Tulsi, Saroj
Devi, Subbulaxmi, Guru Prasad, Volume 9, Issue 9 September 2021 | ISSN: 2320-2882.

[9] Application of artificial intelligence to enhance collection of E-waste: A potential solution for household WEEE collection and
segregation in India AV Shreyas Madhav, Raghav Rajaraman, S Harini and Cinu C Kiliroor, Volume 40, Issue 7,
https://doi.org/10.1177/0734242X211052.

[10] Efficient Future Waste Management: A Learning- Based Approach with Deep Neural Networks for Smart System (LADS) Ritu
Chauhan, Sahil Shighra, Hatim Madkhali, Linh Nguyen, Mukesh Prasad, Appl. Sci. 2023, 13(7), 4140;
https://doi.org/10.3390/app13074140

[11] Automated Waste Segregation using Machine Learning Shravan K R, Shreya S Emanti, Shreyas G, Tejas S, Pushpaveni H P,
International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056, Volume: 07 Issue: 08 | Aug 2020
www.irjet.net p-ISSN: 2395-0072.

[12] Automatic Segregation of Waste Using Machine Learning Dr.Chittineni Aruna,D.Lakshmi Kavya, P.Bala Bhavani, G.V.Ravamma,
G.Greeshma, ISSN: 2350-0328, International Journal of Advanced Research in Science, Engineering and Technology, Vol. 8, Issue 7 ,
July 2021.

[13] Waste Segregation using Deep Learning Algorithm R.S.Sandhya Devi, Vijaykumar VR , M.Muthumeena, International Journal of
Innovative Technology and Exploring Engineering (IJITEE), ISSN: 2278-3075, Volume-8 Issue-2S December 2018.

[14] Automation of Waste Sorting with Deep Learning Joao Sousa , Ana Rebelo, Jaime S. Cardoso, September 2019,
DOI:10.1109/WVC.2019.8876924, Conference: 2019 XV Workshop de Visdo Computacional (WVC).

69



