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Abstract

The exponential growth of urban populations has led to an increasing volume of municipal solid waste, challenging
traditional waste management practices in terms of efficiency, cost, and environmental sustainability. The Smart
Compression Bin presents an innovative solution that integrates real-time monitoring, automated waste compression,
and wireless communication to improve public waste collection systems. The bin uses ultrasonic sensors to detect fill
levels, triggering a compression mechanism when capacity thresholds are reached. This not only maximizes storage
space by reducing the volume of waste by up to 60%, but also minimizes the frequency of collection trips, reducing fuel
consumption and labour costs. A microcontroller coordinates system functions and communicates bin status to a central
dashboard via wireless modules, enabling timely and data-driven collection strategies. Powered by a rechargeable
battery supported by solar panels, the system emphasizes energy efficiency and low maintenance. Field testing
confirmed the system’s reliability, responsiveness, and effectiveness in various operational conditions. This paper
contributes to smart city development by offering a scalable, eco-friendly approach to waste management, addressing
key urban challenges through intelligent automation and 10T integration.

1. Introduction
1.1 Background of the Study

Waste management has become an increasingly critical issue in modern urban environments due to rapid
industrialization, population growth, and the expansion of cities. As the volume of municipal solid waste continues to
rise, traditional waste collection and disposal systems are often found to be inefficient and unsustainable. Overflowing
waste bins, irregular collection schedules, and inadequate resource allocation are some of the most common challenges
faced by municipalities and waste management authorities. These inefficiencies not only lead to environmental pollution
and health hazards but also contribute to increased operational costs and public dissatisfaction. !

The Smart Compression Bin is a technological solution aimed at addressing these challenges through the integration of
smart systems into everyday waste disposal units. This combines sensor-based monitoring, 10T (Internet of Things)
technology, and an automated compression mechanism to create a more intelligent, efficient, and sustainable waste
management system. The bin is designed to continuously monitor its fill level using ultrasonic sensors, and upon
reaching a certain threshold, it activates a built-in compression unit to compact the waste. This process increases the
bin’s capacity, reduces the frequency of collection trips, and optimizes the usage of manpower and fuel resources. 2]

Furthermore, the bin is equipped with a microcontroller-based control unit and wireless communication modules that
transmit real-time data to a centralized monitoring system. This allows waste management authorities to track bin status
remotely, plan optimized collection routes, and respond more effectively to urgent needs. The proposed system also
promotes cleaner public spaces and supports the broader goals of smart city development and environmental
sustainability.™

Rapid urbanization and population growth have placed significant strain on existing waste management systems, leading
to issues such as overflowing bins, inefficient collection schedules, and increased environmental pollution. Traditional
waste bins lack real-time monitoring and typically require fixed-route collection methods, often resulting in unnecessary
fuel consumption and labour inefficiencies. Additionally, the limited storage capacity of standard bins contributes to
frequent overflows in high-footfall public areas. The emergence of smart technologies, such as the Internet of Things
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(1oT), automation, and low-power embedded systems, has opened new possibilities for addressing these urban waste
challenges. In response, the Smart Compression Bin was conceived as a technological intervention aimed at
modernizing waste collection processes. I

1.2 Problem Statement

Modern urban environments face persistent challenges in managing the increasing volume of municipal solid waste
generated daily. Conventional waste bins are passive systems that lack real-time monitoring and do not optimize
capacity, often resulting in overflowing bins, unsanitary public spaces, and inefficient collection routes.

The Smart Compression Bin addresses key limitations of traditional waste collection systems by integrating real-time
monitoring, automated compression, and wireless communication. Designed for deployment in diverse environments
such as streets, parks, schools, and offices, the system utilizes ultrasonic sensors to monitor fill levels and automatically
compress waste, thereby maximizing bin capacity and significantly reducing the frequency of collection. This not only
helps maintain cleaner surroundings by preventing bin overflow but also minimizes resource consumption associated
with fixed-route waste collection systems, which often lead to unnecessary fuel usage and labour. Furthermore, the
Smart Compression Bin is engineered for ease of maintenance and repair, ensuring long-term operational reliability. By
filling a critical technological and operational gap, this solution represents a practical advancement toward smarter,
more efficient urban waste management.

1.3 Purpose of the Study

The primary objective of this study is to design and develop a smart bin system that automates waste monitoring and
compression, thereby optimizing the volume of waste collected. By reducing the frequency of waste collection, the
system aims to enhance operational efficiency and promote sustainable waste management practices. The proposed
solution emphasizes energy efficiency and supports cleaner, more hygienic environments, particularly in urban and
public spaces. Additionally, it facilitates data-driven decision-making within municipal waste management services
through real-time monitoring and analytics. This initiative aligns with the broader vision of smart city development,
integrating Internet of Things (loT)-based infrastructure to foster intelligent, responsive urban systems.

1.4 Objectives of the Study

The Obijectives of this paper are:

o To design and develop a smart waste bin equipped with real-time fill-level monitoring using sensors.

o To implement an automatic waste compression mechanism to increase bin capacity and reduce
collection frequency.

o To create a cost-effective and scalable solution suitable for urban, commercial, and institutional
environments.

o To improve overall public hygiene by preventing bin overflow and enabling timely waste collection.

2. Components

o Arduino Nano:

The Arduino Nano is a small, compact microcontroller board based on the ATmega328P.

It is used for controlling various components of the smart compression bin, such as reading sensor inputs,
triggering compression actions, and managing wireless communication.
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Fig. 1 Ardunio Nano

o Ultrasonic Sensor:
The ultrasonic sensor measures the distance to the waste level in the bin by emitting sound waves and
calculating the time taken for the waves to return. It is essential for detecting when the bin is full and triggering

the compression mechanism.

Fig. 2 Ultrasonic Sensor

. DCM Motor (12V):
The 12V DC motor is used to drive the compression mechanism inside the bin, pushing the waste down to
increase storage capacity. The motor is controlled by a motor driver based on the microcontroller's commands.

Fig. 3 DCM Motor (12V)

o IR Sensor Module:
The IR sensor module detects objects or obstacles using infrared light. It can be used to sense the presence of

waste near the bin's opening or to detect the bin lid's status, providing additional input for automation.
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Fig. 4 IR Sensor module

(Compressor Disc):
The actuator, typically a linear or rotary actuator, drives the compression disc within the bin. When activated, it
compacts the waste, increasing the bin's capacity and reducing the need for frequent collection.

° Actuator

Fig. 5 Actuator (Compressor Disc)

. L298 Motor Driver:

The L298 motor driver is used to control the direction and speed of the DC motor, enabling precise operation of

the compression mechanism. It acts as an interface between the low-power microcontroller and the high-power
motor.

Fig. 6 L298 Motor Driver

o 7805 Voltage Regulator IC:

The 7805 Voltage regulator ensures that the components of the Smart Compression Bin, such as the Arduino and

sensors, receive a stable 5V power supply. This IC converts higher input voltages into a consistent 5V output,
ensuring reliable operation of low-voltage components.
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Fig. 7 7805 Voltage Regulator IC

o Relay Module (5V):

The 5V relay module acts as an electrically operated switch that allows the Arduino to control high-power
devices like motors or actuators safely. It isolates the low-voltage control circuit from the high-voltage load
circuit. In the Smart Compression Bin, it is used to activate the motor or compressor when needed, ensuring safe

and efficient operation.

Fig. 8 Relay Module (5V)

o GSM Module:

The GSM module is a wireless communication device that allows the Smart Compression Bin to connect to
mobile networks. It enables the system to send SMS alerts or data to a remote server or mobile number when
the bin is full or needs maintenance. This real-time communication helps municipal workers or waste collectors
plan efficient pickup schedules. The module is typically interfaced with the Arduino using serial communication
(TX and RX pins). It operates using a SIM card, just like a mobile phone, to access the GSM network. This
feature greatly enhances the automation and connectivity of the smart waste management system.

Fig. 9 GSM Module

3. Methodology
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The methodology adopted for the Smart Compression Bin focuses on the design, development, and implementation of
an intelligent waste management system that combines real-time monitoring and automatic waste compression. This
section outlines the systematic approach followed during the development, including hardware integration and software
programming.

3.1 System Architecture:

The system is built on a modular architecture comprising sensing units, a microcontroller, a compression mechanism,
and communication modules. The core components are interconnected to ensure smooth data flow and functionality. A
microcontroller (such as Arduino or ESP32) acts as the central processing unit, coordinating sensor inputs and
controlling the compression motor.

3.2 Block Diagram:

The block diagram of the Smart Compression Bin illustrates the systematic integration of hardware components
required for automated waste management. At the core of the system is the Arduino Nano microcontroller, which
coordinates inputs from various sensors and manages outputs to actuators. An ultrasonic sensor is used to detect the fill
level of the bin and triggers the compression process when a pre-set threshold is reached. The compression mechanism,
driven by a 12V DC motor, is powered and controlled through the L298 motor driver and a 5V relay module. A 7805
voltage regulator ensures consistent 5V power supply to sensitive components, while an IR sensor assists in object or lid
detection. Communication is handled via a GSM module, which sends real-time alerts or data to a remote server or
mobile device. The actuator (compression disc) compresses the waste inside the bin, optimizing space and reducing the
need for frequent collection. Overall, the block diagram provides a clear overview of how sensor data, power
management, and control logic interact to enable efficient and smart waste disposal.
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Fig.10 Block diagram of the Smart Compression Bin

3.3 Applications:

o Urban Waste Management: Reduces the frequency of waste collection by compressing waste,
optimizing collection routes.
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. Recycling Facilities: Enhances recycling processes by compacting recyclables for easier transport.
. Commercial Use: Ideal for shopping malls, restaurants, and large facilities to manage waste efficiently.

3.4 Advantages:
Advantages of the Smart Compression Bin:

. Enables real-time waste level monitoring using an ultrasonic sensor, helping prevent overflows and
maintain cleaner surroundings.

. Automates waste compression with a 12V DC motor, reducing the frequency of collection and
optimizing bin capacity.

. Uses a GSM module for instant status alerts to authorities, allowing smarter scheduling and route
planning.

. Enhances energy efficiency through the use of a 7805-voltage regulator and battery power.

. Operated by an Arduino Nano, providing easy integration, scalability, and low-cost implementation.

3.5 Hardware Model of Smart Compression Bin:

Fig. 11 Hardware model of Smart Compression Bin
4. Results and Discussion
1. System Functionality:
. The prototype Smart Compression Bin was successfully built and tested in a controlled setting.

. The ultrasonic sensor accurately detected waste levels and triggered compression when the bin reached
its threshold capacity.

. The Arduino Nano effectively coordinated sensor inputs and controlled outputs like the motor and GSM
module.
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2. Waste Compression Efficiency:

. The compression mechanism, driven by a 12V DC motor and actuator, reduced waste volume by
approximately 50-60%.

. This extended the usable capacity of the bin significantly without increasing its size.
3. Communication and Monitoring:
. The GSM module sent SMS alerts to a designated phone number once the bin was full.
. Real-time monitoring minimized manual checks and improved response time for waste collection.

4. Power Management:

. The 7805 voltage regulator provided stable 5V output, ensuring smooth operation of all low-voltage
components.
. The system demonstrated efficient energy usage, with optional solar integration considered for field
deployment.

5. Conclusion

In this paper, a Smart Compression Bin was designed and implemented to improve the process of waste collection using
automation and real-time monitoring. The system successfully detected waste levels, compressed the garbage to save
space, and sent alerts through the GSM module. All components worked together efficiently under the control of the
Arduino Nano. This project helps reduce the number of times bins need to be emptied, saves labour, and supports
cleaner surroundings.
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