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Abstract. This project aims to address the challenges of domestic waste management through a comprehensive
web-based solution. With inefficient waste handling posing significant environmental and public health issues, our
solution offers a multifaceted approach to improve waste management practices. The system provides a range of
features, including educational resources on waste reduction, reuse, and recycling, to enhance public awareness. It
also includes a community engagement section for reporting local waste issues and requesting bin collections.
Additionally, advanced image recognition technology is employed to classify waste materials into hazardous,
recyclable, organic, or inorganic categories. By integrating these features, we expect to achieve more efficient waste
segregation and management, contributing to a cleaner and more sustainable environment and fostering greater
community involvement.
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1 INTRODUCTION

Domestic waste management is a pressing issue in both urban and rural areas, contributing significantly to
environmental degradation and public health challenges. With the rapid urbanization and population growth,
conventional waste management systems are proving to be inefficient in handling the increasing waste volumes.
This research addresses the problem by developing an innovative Domestic Waste Management System, which
integrates modern web-based technologies with machine learning for waste classification, user interaction, and
community engagement. The project aims to offer an effective, automated system that promotes public awareness
while improving the efficiency of waste segregation and disposal practices. Recent studies [1], [2] have
highlighted the need for more effective solutions to the waste management crisis, focusing on integrating advanced
technologies with user- friendly platforms to engage the public in sustainable practices. Our contribution lies in the
development of a system that allows users to report issues, request bin collections, and classify waste materials
using an image recognition model, thereby fostering a culture of sustainability. The challenge of balancing
technological sophistication with ease of use has been addressed by creating an intuitive, web-based interface that
improves waste management efforts at both the household and community levels [3], [4]. The objectives of this
research include the implementation of a machine learning model for automatic waste classification, enhancing
public participation in waste management through interactive tools, and creating an educational platform to raise
awareness about sustainability. This system not only advances current waste management practices but also offers
a scalable solution that can be adapted for future developments in the field. By leveraging machine learning and
public engagement, the project aims to tackle the growing waste crisis in a comprehensive and effective manner

[51, [6]-
2 RESEARCH METHODOLOGY

The development of the Domestic Waste Management System employs a structured methodology that
prioritizes data-driven decision-making and community engagement. Initially, images of various waste categories
are collected using the IP Webcam application, allowing a smartphone to stream live footage to a connected
computer over a local network. This software- based approach eliminates the need for additional hardware,
simplifying the image capture process. After data acquisition, the captured images undergo a rigorous
preprocessing phase for uniformity and quality enhancement. Each image is resized to a standard resolution of
350x350 pixels.

The core of the system utilizes a machine learning framework based on the MobileNetVV2 convolutional
neural network (CNN), known for its efficiency in image classification tasks. Leveraging transfer learning with
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pre-trained weights from the ImageNet dataset, the model is fine-tuned for the waste classification task, adapting
layers to include global average pooling and dropout layers to reduce overfitting. User interaction is facilitated
through the Flask web framework, enabling users to report waste management issues, request bin collections, and
access educational resources via a web interface. User data is systematically managed through a MySQL database,
ensuring seamless integration between user inputs and machine learning outputs. With a user-friendly interface
developed using HTML, CSS, and JavaScript, the Domestic Waste Management System emphasizes community
engagement and participation in sustainable practices.
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2.1 Waste Classifier and Sorter

In urban environments and households, waste is often mixed in bins, leading to environmental hazards and
health risks due to improper segregation. To address this issue, we propose an automated waste classification
system that not only identifies the type of waste but also calculates the percentage of each waste category in a
given image.

The process begins with capturing an image of the waste. This image is processed by a neural network
model trained on a custom-built dataset of various waste types. The neural network identifies patterns within the
image to classify the waste into categories such as recyclable, organic, or hazardous.

After classifying the waste, the model goes a step further by estimating the percentage composition of each
waste type present in the image. For example, if the image contains both organic and recyclable materials, the
model will analyze the image and provide a percentage breakdown of each type, allowing for precise waste
management.
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Step 1: Begin by collecting and preparing your custom dataset of waste images. Load this dataset into
your system for further processing.

Step 2: Extract and organize the images from the dataset into appropriate categories. Create subfolders for
different types of waste, such as organic, recyclable waste, to structure the data. Step 3: After organizing the
data, train the model using the images from your dataset. The images will be used as input to an image classifier
model, which will learn to classify the waste into the relevant categories (organic or recyclable). Evaluate the
model's accuracy and predictions during training.

Step 4: After the model is trained, it can be used for real-time classification. When an image is captured
through a web camera, the model processes the image and outputs the prediction of whether the waste is organic
or recyclable.

2.2 Data Enrichment

To ensure optimal performance, we enriched our dataset by capturing images under various lighting
conditions, such as low light and inverted settings. This process was critical in minimizing classification errors due
to varying image quality. A total of 20,000 images were collected, with 500 classified as hazardous waste and
1,500 classified as recyclable waste. All images were resized to a standard size of 350x350 pixels to maintain
consistency in input data. Using Keras ImageDataGenerator, we augmented the dataset through transformations
such as zooming, flipping, and rotating images, both vertically and horizontally. This enhancement aimed to make
the model more adaptable to real-world variations.

A. Dataset

The system was evaluated on a larger dataset consisting of 22,564 images divided into two main categories:
recyclable and non-recyclable waste. Each class contained around 2,500 images that were captured from different
angles and lighting conditions to replicate real-world waste disposal scenarios. These images were resized to
350x350 pixels before being fed into the model. The original dataset size was approximately 2.44 GB, and it was
split into training and testing sets. This ensured the model had sufficient data for both learning and validation
puUrposes.

B.Model Training and Performance

The waste classification model was trained for 15 epochs using a training batch size of 8. We adopted a
training step size of 706 and a validation step size of 2000. At the end of the 15 epochs, the model achieved an
accuracy of 95.04%, with a corresponding loss of 0.4508. The model's performance was evaluated using standard
metrics, and the results indicate strong classification accuracy for both waste categories, demonstrating the
effectiveness of the training process and dataset enrichment. The final model is robust, capable of accurate
classification across diverse lighting conditions and angles.
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3. THEORY AND CALCULATION

The Theoretical foundation of our Domestic Waste Management System is anchored in computer vision and
deep learning, specifically through the use of convolutional neural networks (CNNs) for waste image
classification. CNNs operate on the principle of extracting features from input images via convolution operations,
which enhance the model's ability to recognize distinct patterns associated with various types of waste. This
classification process is critical for automating waste segregation, facilitating efficient recycling, and reducing
manual handling.

3.1 Mathematical Expressions and Symbols

In terms of calculations, we utilize categorical cross-entropy as our loss function to measure the model's
prediction accuracy against actual labels. This is mathematically expressed as:

"
Ly, 9) = — Y _wilog(si) (1)

i=]

FIGURE 4. Formula

4. RESULTS AND DISCUSSION

The Domestic Waste Management System was designed to effectively classify and segregate waste using a
machine learning model, specifically leveraging the capabilities of Convolutional Neural Networks (CNNs)
trained on a dataset of waste images. The model's performance was evaluated on its accuracy and efficiency in
real-time waste classification, with results indicating significant advancements in the field of waste management.

4.1 Preparation of Figures and Tables

The formatting requirements for submitting tables are summarized in Table 1 below, which outlines the key
features of the Domestic Waste Management System website and their impacts on user engagement.
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411 Formatting Tables

Table 1: Features and Impacts of the Domestic Waste Management System

- Estimated Time to Impact on User
Feature Description Complete Engagement
Waste Users capture Correct
Classification images of waste materials 5 — 10 minutes classifications improve user
for classification. awareness and participation.

Active reporting

Users report local
fosters community

mmun| waste issues and request .
. Co mu . . . q 10 — 15 minutes .
ity Reporting | bin collections via a web involvement and
interface. responsiveness.
Users access

Educatio| materials to learn about Increased knowledge

nal Resources | waste management and 510 minutes leads to better waste
9 management practices.

sustainability practices.

Instant feedback

Real- Users receive encourages continued
time Eeedback immediate feedback on 1 -2 minutes enoa er%ent with the
waste classification results. 9 gplatform

4.1.2 Formatting Figures

FIGURE 5. Login and Sign-up Interface

Gaide Sweta

Emall

swethat Gomal e

Password

SgnUp

Dont have an account? Sign Up

Already have an account? Login

UNDERSTANDING THE IMPACT OF WASTE ON OUR ENVIRONMENT
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FIGURE 5: User Interface of the Domestic Waste Management System

Profile

Username: Garide Swetha

Back to Home View My Requests View My Issues
Email: swethal@gmail.com

Report an Issue Request Bin Collection Give Feedback

24 Domestic Waste Management System. All rights reserved.

FIGURE 6: User Interface of the Community Engagem

2 Profe

o Back to Home View My Requests

My Bin Collection Requests

Bin Location: uppal
Collection Date: 9282024

Bin Location: hyderabad
Collection Date: 9302024

© 2024 Domestic Waste Management System. All rights reserved.

(A)

Back to Home View My Requests

My Reported Issues

Issue Description:

The recyclable bin has not been collected for over a week. and it's now overflowing. causing a mess in the area.
Location:

Ramanthapur. Street-10.
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(B)

Please Try Using the Waste Classifier Tool

Classification Result:

batteries: 0.00% e-waste: 0.00% glass_containers: 0.00% kitchen_waste: 100.00% medical: 0.00% paints: 0.00% paper_products: 0.00% plastic: 0.00%

© 2024 Domestic Waste Management System. All rights reserved.

FIGURE 8: User Interface after capturing the Image

5 CONCLUSIONS

The Domestic Waste Management System developed in this project offers a comprehensive solution to
address waste management challenges faced by communities. By leveraging an advanced image classification
model based on MobileNetV2, the system efficiently identifies and categorizes various types of waste, enhancing
the sorting process and promoting responsible waste disposal practices. This innovative approach not only
simplifies the waste management process but also serves an educational purpose, informing users about the
significance of proper waste segregation and recycling. The inclusion of features that facilitate community
engagement, such as reporting issues and requesting bin collections, fosters a collaborative environment where
residents can actively contribute to sustainability efforts.

Despite its strengths, the system has limitations, particularly in its reliance on a diverse and continuously
updated dataset for accurate waste classification. This dependence highlights the necessity for ongoing
improvements to the dataset to maintain classification accuracy and effectiveness. Furthermore, while the current
features adequately address user concerns, there is potential for future enhancements, including real-time
monitoring and integration with 10T technologies, which could significantly streamline waste collection processes.
Overall, the Domestic Waste Management System represents a critical advancement in waste management
technology, with significant implications for urban sustainability. As communities continue to grapple with waste
management challenges, this system serves as a vital tool, encouraging informed decision-making and promoting
environmentally responsible behaviors. Future developments should focus on refining classification capabilities
and expanding user engagement to enhance the system's overall impact.conclusion.
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6 DECLARATIONS

6.1 Study Limitations

The study faced several limitations that could significantly affect the research outcomes. Firstly, the reliance
on a diverse dataset for training the image classification model is crucial; any lack of representation in the dataset
could lead to inaccuracies in waste classification. Furthermore, the model's performance may be influenced by
varying lighting conditions and angles from which images are captured, affecting the generalizability of the
results. Additionally, while the current system effectively engages users through reporting features, the absence of
real-time monitoring capabilities could limit the responsiveness of waste management efforts. Lastly, user
adherence to the educational resources provided is variable, and the impact of this education on behavior change
has not been quantitatively assessed in this study.
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