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Abstract The rapid urbanization and growing population have led to increased waste generation, necessitating
efficient and intelligent waste management systems. This project presents a Smart Garbage Monitoring and
Clearance Alert System utilizing the Internet of Things (IoT) to address this challenge. The system employs a
load sensor to measure the weight of waste in the dustbin, and an ultrasonic sensor to monitor the garbage level.
When the bin is nearly full, a servo motor is triggered to close the lid, preventing overflow and environmental
hazards. The ESP32 microcontroller serves as the central unit, managing sensor data and system operations.
Real-time garbage status is communicated wirelessly to municipal authorities through 10T, enabling timely waste
clearance and improving sanitation services. This solution ensures a cleaner environment by optimizing garbage
collection routes and reducing manual inspection efforts. College campuses have waste management concerns
due to insufficient collection and overflowing bins, which cause environmental and logistical issues. An loT-
enabled smart trash system improves collection, lowers costs, and increases sustainability by assuring timely
garbage disposal and reducing buildup, resulting in a cleaner and more efficient campus environment.

Keywords: Smart Waste Management, Internet of Things (IoT), ESP32 Microcontroller, Ultrasonic Sensor,
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1. INTRODUCTION

With rapid urbanization and the continuous growth of the global population, efficient waste
management has become one of the most pressing challenges for modern cities and communities.
Improper waste disposal and the inefficient collection of garbage not only pose serious
environmental risks but also affect the health and hygiene of urban populations. Traditional waste
collection systems often rely on fixed schedules and manual inspections, which lead to issues such
as overflowing bins, increased operational costs, and unoptimized collection routes. These
limitations highlight the urgent need for smart and sustainable solutions to streamline waste
management practices.

To address these challenges, this paper proposes a Smart Garbage Monitoring and Clearance Alert
System that leverages the Internet of Things (10T) to provide an intelligent, automated, and real-
time approach to waste management. The system is designed to monitor the status of garbage bins
and notify municipal authorities when bins are nearing full capacity, ensuring timely waste disposal
and reducing unnecessary collection trips. The core of the system is powered by the ESP32
microcontroller, a compact yet powerful device that coordinates sensor data, system responses, and
communication with the central monitoring system.

The smart bin integrates two key sensors: a load sensor, which measures the weight of waste
accumulated in the bin, and an ultrasonic sensor, which detects the fill level. These sensors work
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in tandem to provide accurate real-time data regarding the bin’s status. When the waste level
approaches a predefined threshold, a servo motor is activated to automatically close the lid of the
bin, preventing further disposal and mitigating issues like overflow, foul odors, and the spread of
diseases. The system also transmits the bin's status wirelessly to the concerned authorities using
loT-based communication, allowing for real-time monitoring and efficient planning of waste
collection routes.

One of the major use cases of this system is within college campuses, where waste management
remains a recurring concern due to high foot traffic, limited collection resources, and inconsistent
disposal habits. Overflowing garbage bins not only create an unsanitary environment but also
contribute to logistical inefficiencies. The implementation of an 10T-based smart trash system in
such settings not only promotes timely garbage clearance but also reduces the need for manual
inspections, minimizes operational costs, and supports environmental sustainability. By integrating
automation and real-time data into waste management processes, institutions can ensure a cleaner,
healthier, and more organized campus environment.

2. Literature Survey

1. EfficientDet: Scalable and Efficient Object Detection EfficientDet introduces a scalable object
detection framework that emphasizes both accuracy and efficiency. The authors propose a weighted bi-directional
feature pyramid network (BiFPN) for effective multi-scale feature fusion and a compound scaling method that
uniformly scales the resolution, depth, and width of the backbone, feature network, and box/class prediction
networks. This approach results in EfficientDet achieving state-of-the-art performance on the COCO dataset with
significantly fewer parameters and computations compared to previous detectors. The framework is designed to
be flexible, allowing for deployment across various resource-constrained environments. The authors also provide
code and pretrained models to facilitate further research

2. A Generative Approach Towards Improved Robotic Detection of Marine Litter This paper
addresses the challenge of limited underwater image datasets for marine litter detection by proposing a two-stage
variational autoencoder (VAE) to generate synthetic images. A binary classifier evaluates the quality of these
generated images, and a multi-class classifier is trained on a combination of real and synthetic images. The results
demonstrate that the model trained with the augmented dataset outperforms one trained solely on real data,
highlighting the effectiveness of synthetic data in enhancing detection performance. This approach offers a
promising solution for data-scarce environments, particularly in marine robotics applications where data
collection

3. Estimation of Plastic Marine Debris Volumes on Beaches Using Unmanned Aerial Vehicles and
Image Processing Based on Deep Learning The authors propose a method to estimate the volume of plastic
marine debris (PMD) on beaches using unmanned aerial vehicles (UAVs) and deep learning-based image
processing. By constructing a three-dimensional model and orthoscopic images of a beach through Structure from
Motion (SfM) software, they apply edge detection techniques to calculate PMD volumes. The accuracy of this
method was verified by estimating the volumes of test debris with known sizes and shapes, achieving an error rate
of less than 5%. This approach provides a rapid, objective, and efficient means for beach surveys, aiding in the
identification of areas requiring preferential cleaning and contributing to better environmental monitoring and
management.

4. ECA-Net: Efficient Channel Attention for Deep Convolutional Neural Networks ECA-Net
introduces an efficient channel attention module that enhances the performance of deep convolutional neural
networks (CNNs) without significantly increasing model complexity. By avoiding dimensionality reduction and
employing a local cross-channel interaction strategy using 1D convolution, ECA-Net preserves performance while
reducing computational overhead. The module adaptively selects the kernel size for 1D convolution, determining
the coverage of local cross-channel interactions. Experimental results demonstrate that ECA-Net achieves over a
2% improvement in Top-1 accuracy on image classification tasks, with a substantial reduction in parameters and
computations compared to existing attention mechanisms
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5. A New Coupled Method of SINS/DVL Integrated Navigation Based on Improved Dual Adaptive
Factors This paper presents an integrated navigation method combining Strapdown Inertial Navigation System
(SINS) and Doppler Velocity Log (DVL) using improved dual adaptive factors. The proposed method addresses
the challenges of traditional integration techniques by adaptively adjusting the weights of SINS and DVL based
on their reliability and environmental conditions. Simulation results demonstrate that this approach enhances the
accuracy and robustness of underwater navigation systems, making it suitable for applications in autonomous
underwater vehicles (AUVs) and other marine robaotics platforms.

6. Automatic Detection and Quantification of Floating Marine Macro-Litter in Aerial Images:
Introducing a Novel Deep Learning Approach Connected to a Web Application in R The authors develop a
deep learning-based algorithm for detecting and quantifying floating marine macro-litter (FMML) in aerial
images. The convolutional neural network (CNN) model was trained on a dataset of 3,723 aerial images, achieving
accuracies of 0.85 for image classification and 0.81 for cross-validation. A user-friendly web application, built
using the Shiny package in R, allows users to identify and quantify FMML within aerial images. This tool
streamlines the monitoring and assessment of FMML, providing valuable support for environmental conservation
efforts. However, the authors note that automated monitoring of FMML in open sea environments remains a
technological challenge, necessitating further research to improve algorithmic accuracy.

3. Proposed System

The proposed system aims to tackle the growing issue of unmanaged waste in urban and rural areas by
developing a smart garbage monitoring and clearance alert system using Internet of Things (10T) technology. The
core components of the system include a load sensor, servo motor, ultrasonic sensor, and an ESP32
microcontroller. The load sensor plays a vital role in determining the weight or load status of the garbage present
in the bin. This helps in analyzing how full the bin is and when it requires clearance. When the load level crosses
a predefined threshold, the system recognizes it as full. To complement this, an ultrasonic sensor is used to
measure the distance between the top of the bin and the garbage, giving a clear indication of the fill level.

The combination of both sensors increases the accuracy of garbage detection. The ESP32 microcontroller
is the central processing unit of this system. It collects data from the sensors, processes it, and performs logical
decisions based on predefined conditions. One such condition involves the usage of a servo motor. When the load
level is detected to be too high or the bin is full, the servo motor is activated to move to a closed state. This
prevents further disposal of garbage into an already full bin, avoiding overflow and maintaining hygiene in the
surroundings. The use of the servo motor also adds a mechanical layer of automation to the system, making it
smart and responsive.

To ensure real-time monitoring and alerting, the system is integrated with 10T technology. The ESP32
has in-built Wi-Fi capabilities, which enables it to send data wirelessly to an 10T platform or directly to an
authorized personnel's smartphone or web dashboard. Notifications are triggered when the garbage bin is 38 full,
allowing timely intervention by municipal or waste management authorities This significantly reduces manual
inspection efforts and ensures cleanliness is maintained efficiently. The system is designed to be compact and
power-efficient, suitable for implementation in smart cities, housing complexes, industrial areas, public places,
and educational institutions.

With proper integration, a city-wide network of smart dustbins can be created, allowing authorities to
monitor the waste status of all bins in a centralized platform. This data can be used to optimize waste collection
routes, reduce fuel consumption, and ensure bins are cleared before overflow. The system also supports future
scalability where additional sensors such as gas sensors or cameras can be included for detecting harmful gases
or for surveillance. Furthermore, the use of cloud platforms or mobile apps allows historical data storage, which
can be analyzed for trends in garbage accumulation, peak hours, and effectiveness of collection schedules. Overall,
this project proposes an efficient, responsive, and smart way to manage garbage with minimal human intervention.
It not only enhances hygiene and cleanliness but also promotes the idea of sustainable and smart waste
management practices using modern technology.
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FIGURE 1: System Architecture

4. CONCLUSION

Finally, the Smart Garbage Monitoring and Clearance Alert System using Internet of Things (10T)
is a smart and highly efficient solution for the increasing problem of waste management in cities,
especially as part of smart cities. The system makes use of the capabilities of current sensor
technology, wireless communication, and embedded systems to provide an efficient and
streamlined waste collection process. Through the integration of more than one sensor and smart
devices, the project seeks to maximize garbage surveillance and timely clearance and, therefore,
contribute to cleaner, healthier urban life.The system's foundation is a well-designed system with
fundamental sensors and actuators. One of the key devices is the load sensor that has the
responsibility of gauging the load of the trash collected in each dustbin. This sensor is crucial in
establishing the fill status with accuracy. In contrast to conventional waste collection systems that
use fixed timing, this smart system reacts dynamically according to real-time information. When
the measured load exceeds a predetermined limit, it automatically sends a signal that the dustbin is
almost full and needs to be cleared.In order to further maximize functionality, a servo motor is
added to mechanize the lid of the dustbin. The servo motor delivers precise movement such that
the lid opens or closes depending on the fill level of the bin. In cases where the bin fills up to the
point of being full, the servo motor triggers to move the lid to a closed position, thus avoiding
overflow and maintaining public hygiene. This aspect not only ensures environmental hygiene but
also prevents the occurrence of foul smells and pest infestations that usually arise from overflowing
garbage cans.
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