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Abstract : Rapid urban growth has led to a significant increase in waste generation, making efficient waste management more important than
ever. The Waste Garbage Monitoring System with Automated Lid Opening and Waste Segregation aims to solve common problems such as
manual handling, poor segregation, and unhygienic disposal of waste. This system uses sensors and a microcontroller to provide touchless
operation, allowing the dusthin lid to open automatically when a person approaches. It also separates waste into wet, dry, categories using
appropriate sensors, making recycling easier and more effective. By reducing human effort and improving cleanliness, this system supports a
cleaner environment and offers a smart, practical solution for homes, public areas, and smart cities.

IndexTerms - Smart Waste Management, Automated Lid Opening, Waste Segregation, Wet and Dry Waste, Ultrasonic
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I.INTRODUCTION

Hospital Changing lifestyles, industrialization, and rapid urbanization have resulted in a major rise in solid waste production in the
globe. With the development of cities and the increase in population, this waste needs control in an efficient, hygienic, and
environmentally responsible manner has become a major challenge. Traditional waste management systems largely depend on
manual gathering and sorting, which commonly leads to inappropriate treatment, poor hygiene, distasteful environment, and
decreasing health of workers. effectiveness in the recycling procedures. These conventional methods are no longer sufficient to
meet the demands of modern urban environments.

Integration of technology in waste management has in the past few years been incorporated. appeared as a new hope in regard to
these challenges. The Waste Garbage Waste Segregation and Automated Lid Opening Monitoring System. built to give a more
intelligent and healthier way of waste management. The incorporation of the sensors, microcontrollers and automated mechanisms
makes it the toy industry. System enables contactless disposal and intelligent segregation of waste into different categories such as
wet, dry, and metallic waste. This not only reduces human involvement but also improves cleanliness and recycling efficiency.

Moreover, the system will be able to assist in waste levels monitoring, preventing. overflow, and supporting better waste collection
planning. By minimizing environmental impact and promoting responsible waste handling, this approach helps in the creation of
healthier, cleaner and more. sustainable cities..

I1. LITERATURE REVIEW.

As the population continues to grow, the amount of waste generated also increases, making waste management a serious challenge
[2]. To handle this issue, municipalities use three types of bins—red, green, and blue—for waste segregation. However, due to a
lack of public awareness and proper supervision, waste is often disposed of incorrectly. This results in overflowing bins and garbage
scattered in public areas, leading to environmental pollution and health hazards [1]. Therefore, an efficient and well-organized waste
management system is essential to maintain cleanliness and public safety [3].

In traditional waste management systems, garbage is manually sorted by workers, which exposes them to harmful waste and
increases health risks [1]. To overcome these problems, a smart waste segregation and monitoring system has been developed. This
system uses an automated lid mechanism that opens when a person approaches, enabling contactless and hygienic waste disposal
[5]. After the waste is deposited, sensors detect it and guide it into the appropriate compartment for proper segregation [4].

The system also continuously monitors the fill level of each bin by measuring the distance between the waste and the lid using
distance sensors [4]. A predefined threshold is set based on the bin’s capacity, and once this level is reached, a microcontroller or
NodeMCU sends an alert to a web platform indicating that the bin needs to be emptied [3]. This real-time monitoring helps ensure
timely waste collection and allows authorities to track the performance of cleaning staff effectively [2].

To further address the issue of overflowing garbage, an loT-based smart waste management system has been designed to monitor
and control waste levels in real time. This system helps identify when bins are full and ensures prompt collection, thereby preventing
overflow and maintaining cleanliness in public areas [3]. Overall, the smart waste management approach reduces human effort,
improves hygiene, and supports a cleaner, safer, and more efficient urban environment.
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“JoT-Based Garbage Monitoring System in Smart Cities.”

The proposed system is an loT-based garbage monitoring system that has been introduced by researchers. to support smart city
development. In this approach, smart sensors are installed inside dustbins to detect the level of waste and send this information to
municipal authorities through loT platforms. The study primarily concentrates on the means of communication like Wi-Fi and
Bluetooth yet. also point out their shortcomings, particularly where there are many or far off. where network availability may be
poor. To overcome this challenge, the use of GSM technology is suggested as a more reliable solution for long-distance and
uninterrupted communication [6].

“Smart Dustbin System of Efficient Waste Management in Urban Areas.”

This paper gives a smart dustbin system that can enhance waste. management in urban areas. It uses ultrasonic sensors to detect the
level of waste inside the bins and determine when they are full. To ensure timely communication, GSM technology is used to send
alert messages when the bins reach their maximum capacity. The system helps reduce unnecessary waste collection trips, saving
fuel and minimizing environmental impact, while also supporting cleaner and more efficient city management [6].

“Impact of Smart Dustbins on Urban Waste Management”

This research explains how smart dustbins can help keep cities cleaner and more hygienic. It focuses on systems that monitor waste
levels in real time and send SMS alerts when bins are full, reducing the need for manual checking. By improving the efficiency of
waste collection, these systems support cleaner surroundings and contribute to sustainable development goals [6].

An effective garbage monitoring system has been developed to track waste levels using an Android application. In many cities,
garbage bins often remain overfilled, creating unhygienic conditions. To address this issue, the proposed system continuously
monitors waste levels through sensors connected to the internet. The collected data is transmitted to a central server that includes a
database, data management system, optimization algorithms, artificial intelligence tools, and information visualization features to
support better decision-making [7].

The system analyses real-time data and sends alerts to the municipality whenever a bin reaches its maximum capacity. This ensures
timely waste collection, reduces air pollution, prevents the spread of diseases, and saves both time and operational costs. Overall,
this smart monitoring approach enhances efficiency and contributes to cleaner and healthier urban environments [8].

111. SYSTEM ARCHITECTURE

The intelligent garbage monitoring system will enable the collection of garbage. more convenient, sanitary and simpler. It uses
sensors to automatically open the bin when a person comes close, allowing waste to be thrown without touching the lid. Moisture
sensors help identify the type of waste and guide it into the correct compartment for proper separation. The system also checks how
full the bin is by measuring the distance between the waste and the lid. When the bin reaches its limit, the system sends an alert
through a Wi-Fi or GSM connection to a central server. This information is then displayed for authorities to monitor in real time.
Overall, the system helps reduce manual effort, improves hygiene, and supports smarter and more effective waste management in
cities.;

3.1 Hardware Implementation

The hardware implementation of The smart garbage monitoring system is designed to make waste management easier and more
efficient. It uses an ultrasonic sensor to detect when a person comes near the bin and automatically opens the lid using a servo motor.
A moisture sensor helps identify whether the waste is wet or dry so it can be placed in the correct section. An IR sensor checks how
full the bin is by measuring the distance between the waste and the lid. All these sensors are controlled by an Arduino Uno, which
manages the entire system. A NodeMCU module sends the collected data wirelessly to a monitoring platform. Overall, this system
helps improve cleanliness, reduces manual effort, and makes waste management smarter and more convenient

Fig. 1 illustrates the hardware connections of the proposed system.

Fig. 1. Circuit diagram of the proposed Smart Garbage Monitoring System .
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3.1.1 Arduino UNO: The Arduino Uno is a microcontroller board it is used as the main control unit of the smart garbage monitoring
system. It gathers data from different sensors such as ultrasonic, moisture, and IR sensors, processes this information, and then
controls output devices like servo motors and indicator LEDs. By coordinating all these components, the Arduino enables automatic
lid opening, waste segregation, and continuous observation of the amount of garbage in an efficient and smooth manner.

3.1.2 NodeMCU: NodeMCU is a development board that is small and low priced, based on the. ESP8266 Wi-Fi module. It is
primarily applied to 10T (Internet of Things). It is easy to connect to the internet and control devices and this makes it suitable to
use in projects. The board includes internal Wi-Fi, ground pins, and can be programmed using. the Arduino IDE or the Lua scripting.
Its size is low, hence low power. NodeMCU is easy to consume, and easily interface with sensors and actuators. widely used in
smart home systems, automation projects, and real-time monitoring applications.

3.1.3 Servo motor: The servo motor is intended to control mechanical movements in the system, such as opening and closing the
dustbin lid and turning the internal flap to guide waste into the correct wet or dry section. It works by responding to control signals
sent from the Arduino, allowing smooth and accurate movement whenever required. usually within a fixed range like 0° to 180°.

3.1.4 Ultrasonic Sensor: The ultrasonic sensor is a type of sensor that transmits sound waves. frequency sound waves and the time
interval required to get back the echo after hitting an object. In this system, it plays a dual role. First, it detects when a person comes
close to the dustbin, allowing the lid to open automatically. Second, it continuously checks the level of waste inside the bin to
determine how full it is, helping prevent overflow and ensuring timely waste collection. Distance = (Time x Speed of Sound) + 2

3.1.5 Moisture sensors: A moisture sensor helps identify whether the waste is wet or dry by detecting the amount of moisture
present in it. When waste is placed inside the system, the sensor measures its moisture level and sends the information to the
Arduino. Based on this input, the Arduino decides the type of waste and guides it to the correct compartment. This process helps in
effective waste segregation and improves overall efficiency.

3.1.6 IR (Infrared) sensor: The infrared (IR) sensor is used to sense when waste is dropped into the dustbin. It detects the presence
of an object at the inlet and confirms that waste has been added. This helps the system respond quickly and activate the segregation
process at the right time, making the overall operation more accurate and efficient.

3.1.6 LEDs : LEDs act as clear visual indicators that show the current status of the system. They help users and maintenance staff
easily identify conditions such as a full bin, wet or dry waste detection, or any system error. By providing instant visual feedback,
LEDs make the system more user-friendly and help in quick monitoring and maintenance.

3.2 Block Diagram Description

The block diagram illustrates the overall working of the system. Sensor inputs are processed by the Arduino microcontroller, which
controls the Ultrasonic, Moisture, Infrared Sensor’s, and Servo Motor.

Fig. 2 presents the block diagram of the proposed system.

Fig. 2. Block diagram of the proposed Garbage Monitoring System.
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IV. METHODOLOGY

4.1 Existing Methodology No.1: The smart dustbin is designed to make waste disposal more hygienic and convenient. It uses an
ultrasonic sensor to sense when someone comes close to the bin, usually within a distance of about 30 cm. This is transmitted to the
Arduino Uno which drives the entire system. The Arduino then operates a servo motor to open the lid smoothly and closes it
automatically after a short time or when no person is nearby. Powered by a reliable DC supply, the system avoids direct contact
with the bin and helps keep public and home environments cleaner.

4.2 Existing Methodology No. 2: The smart dustbin will sort the trash into wet and dry pieces automatically. When garbage is put
into the bin, a moisture or capacitive sensor is used to determine the nature of garbage through examination of the attributes. This
information is then processed by the microcontroller and it acts on a servo motor to steer the waste in the proper compartment. Such
level of source-level segregation occurs without any form of manual intervention and aids to minimize human contact, enhance
hygiene, and make waste management more effective.

4.3 Proposed Methodology: The smart dustbin containing automatic lid opening and segregation of waste will enhance hygiene
and ease the process of waste management. A person coming to the bin is detected by an ultrasonic sensor and the lid opens
automatically with the help of a servo motor, without physical contact. Once the waste is dropped then a moisture sensor can be
used to determine whether the waste is wet or dry and then moves it to appropriate compartment using a motorized mechanism. All
the activities are controlled by the Arduino Uno, and each bin is monitored by level sensors to determine the level of filling. When
the bin is full, an IoT/GSM unit notifies of a collection to be made in time to ensure that the environment remains clean and aid the
prolific environment.

Fig. 3. Flowchart of the proposed Smart Garbage Monitoring and prevention algorithm.

A. Automated Lid Opening and Waste Detection:

This step involves the system recognizing the presence of a person near the dustbin by use of an ultrasonic sensor. When one comes
close to it, a sensor triggers a servo motor that opens the lid automatically, leaving one to drop the waste in the bin without coming
into contact with it. This non-contact performance contributes to hygiene and limits the chances of infection with germs.

B. Waste Segregation and Level Monitoring
After the waste is put in the bin, moisture sensor checks whether the waste is wet or dry and helps to get to the right direction.

Meanwhile, an IR sensor can see the fullness of the bin by measuring the gap in between the waste and the lid. This enables system
to monitor accurately the level of the bin and waste collection is done in time.

C. Data Processing and Communication :

All the data collected from the sensors is handled by the Arduino Uno, which manages the working of the entire system. When the
garbage level reaches the set limit, the NodeMCU sends an alert and real-time information to an online monitoring platform through
a wireless connection. This allows authorities to check the bin status from a remote location and arrange waste collection at the right
time.
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V.SOFTWARE IMPLEMENTATION

The software is developed using the Arduino IDE and written in embedded C.

A. Program Initialization
The system starts by setting up serial communication and configuring all input and output pins. Sensors, servo motors, and
communication modules are initialized to ensure the smart dustbin operates smoothly.

B. User Detection and Lid Operation

The ultrasonic sensor continuously checks for someone approaching the dustbin. When a person is detected within the set range,
the system automatically opens the lid for contactless use.

C. Waste Type ldentification

Once waste is placed inside, the moisture or capacitive sensor examines its properties to identify whether it is wet or dry.

D. Waste Segregation Mechanism

Based on the sensor reading, the controller operates a servo motor or rotating flap to guide the waste into the correct wet or dry
compartment.

E. System Reset and Monitoring
After disposal, the lid closes automatically, the system resets its controls, and monitoring continues to prepare for the next user.

VI. RESULTS AND DISCUSSION

The smart dusthin was put to test in the regular day-to-day environment and worked credibly both in automatic lid opening and
segregation of items. The ultrasonic sensor was always able to read the presence of a user and enabled the lid to open and close
without the need to touch it, which contributed to the enhancement of better sanitation. In the majority of cases, the moisture sensor
could recognize wet and dry waste and segregate them into the right compartments. The segregation mechanism based on the servo
proved to be quite responsive and with minimal delay, which is considerable, and therefore, made the system practical and user-
friendly. The bin level monitoring feature helped avoid overflow by supporting timely waste collection. In spite of the fact that
sensor readings showed small changes because of the environmental conditions, it did not influence the general performance. These
findings indicate that the smart dustbin is a valuable device, convenient, and apt in enhancing cleanliness and waste disposal in both
the community and domestic contexts.

Fig. 6 shows the experimental setup of the Smart Garbage Monitoring system.
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Fig. 6. Experimental hardware prototype of the Smart Garbage Monitoring System
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