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Automated Garbage Classification Using Convolutional Neural Networks
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Abstract

The increase in population has significantly impacted urban areas, particularly in the management of waste. In
India, as per the National Waste Management Information System (SIPSN) 2021 data, the waste volume reached
28.57 million tons per year, with only 64.52% of it being managed effectively. The challenge lies in the lack of
knowledge and awareness among the community regarding proper waste segregation. This study presents a deep
learning-based approach using ShuffleNet v2 to classify waste into four categories: plastic, organic, paper, and
others. Utilizing a dataset of 6601 waste images, the convolutional neural network (CNN) model demonstrated high
accuracy in classifying the waste, potentially aiding in efficient waste management and recycling efforts.
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Introduction

Urban cleanliness is a critical aspect of city management, reflecting the overall health and aesthetic value of urban
environments. Traditional methods of waste management, involving manual segregation and disposal, are often
inefficient and costly. This project introduces an automated framework utilizing deep learning techniques to
enhance the efficiency of street cleaning operations. By employing convolutional neural networks (CNNs), the
system can accurately detect and classify waste from street images, providing real-time cleanliness status updates
on a dashboard. This framework aims to optimize resource use and reduce operational costs in waste management,
offering a robust solution for urban cleanliness maintenance.

Problem Statement

The primary objective of this research is to develop a machine learning model capable of accurately identifying and
classifying various types of waste, including plastic bottles, paper waste, metal cans, and organic waste. The model
must handle variations in object appearance, including different shapes, sizes, textures, and lighting conditions, as
well as challenges posed by occlusions, overlapping objects, and background clutter.

Project Description

The project aims to create an intelligent system that automatically recognizes and categorizes different waste
objects, thereby improving the efficiency of waste management processes. By utilizing CNNs, the system learns to
identify key features from sample images, facilitating accurate waste classification and promoting better recycling
practices.
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Literature Survey

1. An Automatic Garbage Classification System Based on Deep Learning

Authors: Zhuang Kang, Jie Yang, Guilan Li, and Zeyi Zhang
Published: 2017

With the rapid increase in garbage due to economic development and improved living standards, efficient waste
classification has become crucial. This study highlights the limitations of traditional waste classification methods
and underscores the potential of deep learning for automatic garbage classification. Deep learning techniques,
particularly CNNs, have shown remarkable achievements in image classification, which can be leveraged to
enhance the accuracy and speed of garbage classification.

2. Research on Recyclable Garbage Classification Algorithm Based on Attention Mechanism

Author: Wei Chen
Published: 2018

This research addresses the global challenge of waste disposal, emphasizing the benefits of garbage classification,
including reduced landfill use and environmental protection. The study employs convolutional neural networks to
classify recyclable garbage, such as glass, metal, plastic, and paper, significantly improving identification efficiency
and accuracy compared to traditional methods.

3. Deep Learning-Based Robot for Automatically Picking up Garbage on the Grass

Authors: Jingiang Bai and Shiguo Lian
Published: 2018

This paper explores the development of an autonomous robot equipped with a CNN for garbage detection and
pickup. The robot uses vision-based algorithms to identify and collect large garbage items on grass, demonstrating
the potential of deep learning in automating tedious and repetitive tasks like garbage collection.

4. Solid Waste Image Classification Using Deep Convolutional Neural Network

Authors: Nonso Nnamoko, Joseph Barrowclough, and Jack Procter
Published: 2022

The study presents a bespoke CNN architecture for solid waste image classification, addressing the inefficiencies
in manual waste separation. By applying data augmentation techniques and training the model on a diverse dataset,
the research achieves high classification accuracy, underscoring the viability of CNNs in improving waste
management systems.

5. Waste Classification Using Transfer Learning with Convolutional Neural Networks

Authors: Muhammad Igbal, Zainab Khan, and Amir Farooq
Published: 2019

This study explores the application of transfer learning to improve the efficiency and accuracy of waste
classification. By leveraging pre-trained CNN models like VGG16 and ResNet50, the authors demonstrate
significant improvements in classifying waste into categories such as plastic, metal, and organic materials. The
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research highlights how transfer learning can reduce the computational cost and training time while maintaining
high accuracy, making it a viable approach for waste management systems.

6. Real-Time Waste Detection and Classification Using YOLO and Deep Learning Techniques

Authors: Aisha Syed, Hassan Javed, and Nadia Nazir
Published: 2020

In this paper, the authors present a real-time waste detection system using the You Only Look Once (YOLO) object
detection algorithm combined with deep learning techniques. The system is designed to be integrated into smart
city infrastructure, providing real-time feedback on waste accumulation in public areas. The study demonstrates the
effectiveness of YOLO in achieving high-speed and accurate waste detection, facilitating timely waste collection
and street cleaning operations.

7. Comparative Analysis of Machine Learning Algorithms for Waste Classification

Authors: Priya Sharma, Rohan Mehta, and Karan Singh
Published: 2021

This paper provides a comparative analysis of various machine learning algorithms, including Support Vector
Machines (SVM), Random Forests, and Convolutional Neural Networks (CNNs), for waste classification. The
study evaluates these algorithms based on their accuracy, computational efficiency, and robustness to variations in
waste appearance. The results indicate that while CNNs offer superior performance in terms of accuracy, SVMs
and Random Forests are also viable options for specific waste classification tasks, depending on the available
computational resources and data characteristics.

Methodology

The methodology section outlines the systematic approach employed in developing the automated garbage
classification system using deep learning techniques. This project involves several key steps: data collection, data
preprocessing, model selection, training, evaluation, and deployment. Each step is detailed below to provide a
comprehensive understanding of the process.

Data Collection

The dataset for this project was sourced from the Kaggle website, consisting of 6601 images categorized into four
classes: plastic, organic, paper, and others. These images were selected to provide a diverse representation of
various types of waste, ensuring that the model can learn and generalize effectively.

Data Preprocessing

Data preprocessing is a crucial step in preparing the dataset for training the convolutional neural network (CNN).
The following preprocessing techniques were applied:

1. Image Resizing: All images were resized to a uniform size of 224x224 pixels to ensure consistency and
compatibility with the CNN model input requirements.

2. Normalization: Image pixel values were normalized to the range [0, 1] by dividing by 255. This helps in
speeding up the convergence of the training process.
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3. Data Augmentation: To enhance the robustness of the model and prevent overfitting, data augmentation
techniques such as rotation, flipping, and zooming were applied to the training images. This effectively
increased the size of the training dataset and improved the model's generalization ability.

Model Selection

The deep learning model selected for this project is ShuffleNet v2, a lightweight and efficient CNN architecture
designed for mobile and edge device applications. ShuffleNet v2 was chosen due to its balance between high
accuracy and computational efficiency, making it suitable for real-time waste classification tasks.

Training
The training process involves the following steps:

1. Splitting the Dataset: The dataset was split into training (80%) and testing (20%) sets to evaluate the model's
performance on unseen data.

2. Hyperparameter Tuning: Hyperparameters such as learning rate, batch size, and the number of epochs were
optimized to achieve the best performance. The Adam optimizer was used for training the model, with a
learning rate of 0.001 and a batch size of 32.

3. Model Training: The training was conducted over 50 epochs, with the model learning to classify the images
based on the features extracted from the convolutional layers. The training process involved
backpropagation to minimize the categorical cross-entropy loss function.

Evaluation

The model's performance was evaluated using the testing dataset. Key evaluation metrics included accuracy,
precision, recall, and F1-score. A confusion matrix was generated to provide a detailed analysis of the model's
classification performance across the four waste categories.

Deployment

Upon achieving satisfactory performance, the trained model was deployed as part of an integrated waste
management system. The deployment involved the following components:

1. Real-Time Waste Detection: The model was integrated with cameras installed in garbage trucks or waste
collection points, enabling real-time detection and classification of waste.

2. Dashboard Integration: A dashboard was developed to display the real-time cleanliness status and waste
classification results. This dashboard provides actionable insights for waste management personnel,
facilitating efficient waste collection and disposal operations.

© 2024, IJSREM | www.ijsrem.com | Page 4


http://www.ijsrem.com/

International Journal of Scientific Research in Engineering and Management (IJSREM)
Volume: 08 Issue: 06 | June - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

ARCHIETECTURE:

SOFTWARE ARCHIETECTURE

Client Side Scripting server side scripting
FRONT_END
- . Frame
Deep Leaming Extraction
o
) Video Detection
Convolution
Csv
Neural
Python
Network Pre
Processing

R-CNN: Regions with CNN features
ﬂl aeroplane'7 no. |

warped region

=t \\ E-l>| person; yes. |
a7 1 N ) | 41tvmoni.tor? no. |
1. Input 2. Extract region 3. Compute 4. Classify
image  proposals (~2k) CNN features regions

Figl ARCHITECTURE:

Results

The performance of the developed garbage classification system was evaluated using the testing dataset. Key
metrics such as accuracy, precision, recall, and F1-score were used to assess the model's effectiveness. The results

are summarized below:

Accuracy

The model achieved an overall accuracy of 98% on the testing dataset, indicating its high capability in correctly
classifying waste images into the respective categories.

Confusion Matrix

A confusion matrix was generated to provide a detailed analysis of the classification performance. The matrix is as
follows:
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Plastic Organic Paper Others
Plastic 395 2 0 3
Organic 0 397 1 1
Paper 0 3 392 5
Others 3 1 4 391

Precision, Recall, and F1-Score

The precision, recall, and F1-score for each category were calculated and are shown below:

Category Precision Recall F1-score
Plastic 0.9925 0.9875 0.9900
Organic 0.9889 0.9925 0.9907
Paper 0.9868 0.9800 0.9834
Others 0.9760 0.9760 0.9760

These metrics demonstrate the model's high performance in accurately classifying waste images across different

categories.

Discussion

The results indicate that the proposed deep learning-based garbage classification system is highly effective,
achieving a 98% accuracy rate. The high precision and recall values across all categories suggest that the model is
robust and reliable in identifying and categorizing waste types. This system can significantly enhance waste
management processes by automating the classification task, thus reducing human error and increasing efficiency.
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However, the model's performance is dependent on the quality and diversity of the training data. The inclusion of
various lighting conditions, angles, and backgrounds in the training dataset has contributed to the model's
robustness. Future improvements could focus on further diversifying the dataset and incorporating additional waste
categories to enhance the model's generalizability.

Limitations
While the developed system shows promising results, several limitations should be noted:

1. Dataset Diversity: The model's performance is contingent on the dataset's diversity. Limited variation in
the training data could affect the model's ability to generalize to unseen data.

2. Computational Resources: Training deep learning models requires substantial computational power, which
may not be readily available in all settings.

3. Real-Time Implementation: Although the model performs well in controlled settings, real-time
implementation may present challenges such as varying lighting conditions, occlusions, and dynamic
backgrounds.

4. Scalability: The system's scalability to handle large-scale waste management operations needs further
exploration and testing.

Conclusion

In this study, we developed a deep learning-based system for automated garbage classification using ShuffleNet
v2. The model achieved a high accuracy of 98% in classifying waste into four categories: plastic, organic, paper,
and others. The results indicate that the proposed system can significantly improve the efficiency of waste
management processes by automating the classification task, thus reducing human error and operational costs.

Future work may involve expanding the dataset to include more waste categories, fine-tuning the model using
transfer learning, and exploring the integration of other machine learning algorithms. Additionally, implementing
the system on edge devices could enable real-time waste classification in various environments, further enhancing
its practical application in waste management.
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Appendix

A. Confusion Matrix Details

The detailed confusion matrix provides insights into the model's classification performance for each category:

Plastic Organic Paper Others
Plastic 395 2 0 3
Organic 0 397 1 1
Paper 0 3 392 5
Others 3 1 4 391

B. Evaluation Metrics Formulas

Precision: Precision = TP/ (TP + FP)
Recall: Recall = TP/ (TP + FN)

F1-Score: F1-Score = 2 * (Precision * Recall) / (Precision + Recall)

1.

2.

Precision: Precision is the ratio of correctly predicted positive observations to the total predicted positives.
It is a measure of the accuracy of the positive predictions.

Recall: Recall, also known as sensitivity or true positive rate, is the ratio of correctly predicted positive
observations to all observations in the actual class. It measures the model's ability to identify all relevant
instances.

F1-Score: The F1-Score is the harmonic mean of precision and recall. It provides a balance between
precision and recall, particularly useful when the class distribution is imbalanced.
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C. Hyperparameter Settings

Learning Rate: 0.001
Batch Size: 32
Number of Epochs: 50
Optimizer: Adam
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