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Abstract: Improper waste disposal remains a major challenge in
urban environments, leading to environmental degradation, health
hazards, and inefficient waste management practices. Traditional
waste collection systems often lack user engagement and fail to
motivate individuals to adopt responsible disposal habits. To address
this issue, this paper presents Smart Garbin, an loT-based intelligent
waste management system that introduces a reward-driven approach
to encourage public participation in maintaining cleanliness.

The proposed system integrates a load cell sensor with a
microcontroller to accurately measure the weight of waste deposited
into the dustbin. A keypad-based authentication mechanism, using a
unique User ID and PIN, ensures secure and personalized user
identification before waste disposal. Once the waste is deposited, the
measured data is transmitted through an ESP8266 WiFi module to a
Django-based web application via RESTful APIs. The backend
system processes the data in real time, calculates the reward based on
a predefined rate (6 per kilogram), updates the user’s digital wallet,
and generates instant notifications.

Additionally, the system maintains transaction records, user statistics,
and a notification history, providing transparency and enhancing user
experience. The integration of embedded systems with web
technologies demonstrates a scalable and cost-effective solution
suitable for smart city applications. By combining environmental
responsibility with financial incentives, Smart Garbin not only
improves waste management efficiency but also promotes behavioral
change among users, encouraging sustainable and eco-friendly
practices.

Keywords: IoT, Smart Waste Management, Django, Embedded
Systems, Load Cell, Reward System

I. INTRODUCTION:

Waste management is a critical issue in modern urban
environments, where rapid population growth, urbanization,
and increased consumption have led to a significant rise in
waste generation. Cities are facing serious challenges in
handling large volumes of waste efficiently, and traditional
waste disposal systems are often unable to cope with these
demands. These conventional systems typically lack proper
monitoring mechanisms, real-time data tracking, and user
involvement, which results in inefficient waste collection,
overflow of bins, and improper disposal practices. Such issues
contribute to environmental pollution, health hazards, and
degradation of living conditions.

Another major limitation of traditional waste management
approaches is the absence of user engagement and motivation.
Individuals are generally not encouraged to follow proper
waste disposal practices because there is no direct benefit or
incentive associated with their actions. As a result, achieving
long-term behavioral change in society becomes difficult.
People tend to ignore waste segregation and proper disposal,
leading to increased landfill usage and environmental damage.
Therefore, there is a strong need for an intelligent system that
not only manages waste efficiently but also actively involves
users in the process.
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To address these challenges, the Smart Garbin system

introduces an innovative solution by integrating Internet of
Things (IoT) technology with a web-based platform. The
system is designed to create an interactive, automated, and
user-centric waste management approach. It utilizes a load cell
sensor to accurately measure the weight of the waste deposited
in the dustbin. This data is then processed by a microcontroller
and transmitted to a centralized Django-based backend
through a WiFi module. The backend system ensures proper
data handling, storage, and processing in real time.

A key feature of the Smart Garbin system is its reward-based
mechanism, which encourages users to participate actively in
maintaining cleanliness. Users are identified using a secure
authentication method, and based on the amount of waste they
deposit, they are rewarded financially. The calculated reward
is automatically credited to the wuser’s digital wallet
maintained within the web application. This not only ensures
transparency but also builds trust in the system.

Additionally, the incorporation of a notification system
provides real-time updates to users regarding their transactions
and rewards. Users can view their wallet balance, transaction
history, and activity logs through a user-friendly interface.
This enhances user engagement and transforms waste disposal
from a routine and neglected task into a motivated and
rewarding activity.

II. LITERATURE SURVEY:

This In recent years, significant research has been
conducted in the field of smart waste management systems
using Internet of Things (IoT) technologies. With the
increasing urban population and the growing volume of
waste, traditional waste management methods have proven
to be inefficient and unsustainable. As a result, researchers
have focused on developing intelligent systems that can
monitor, manage, and optimize waste collection processes.
One of the most common approaches in existing literature is
the use of smart dustbins equipped with ultrasonic sensors
to detect the fill level of garbage. These systems notify
municipal authorities when the bin is full, thereby
improving the efficiency of waste collection. Some
implementations also utilize GSM or GPS modules to send
alerts and track bin locations. While such systems help in
reducing overflow and optimizing collection routes, they
primarily focus on monitoring rather than user participation.
Another area of research involves automated waste
segregation using image processing and machine learning
techniques. These systems aim to classify waste into
categories such as biodegradable and non-biodegradable,
improving recycling efficiency. Although these solutions
are technologically advanced, they are often complex,
expensive, and require significant computational resources,
making them less suitable for large-scale deployment in
developing regions.

Cloud-based IoT platforms have also been explored for
real-time data collection and analysis. These systems use
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sensors connected to the internet to provide
continuous
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monitoring and data visualization. While they improve
transparency and decision-making, they still lack a
mechanism to directly involve wusers in the waste
management process.

A few studies have introduced incentive-based models to
encourage public participation in waste disposal. These
systems provide rewards or points to users for proper waste
disposal practices. However, most of these implementations
are either conceptual or lack proper integration between
hardware = components and web-based platforms.
Additionally, many of them do not include secure user
authentication mechanisms, which can lead to misuse or
inaccurate reward distribution.

The Smart Garbin system builds upon these existing
approaches by combining the advantages of loT-based
sensing, secure user authentication, and a reward-based
mechanism into a single integrated solution. Unlike
traditional systems that only monitor waste levels, Smart
Garbin actively involves users by providing financial
incentives based on the weight of waste deposited. The use
of a keypad-based authentication system ensures secure and
personalized user identification, while the integration with a
Django-based backend enables real-time data processing,
wallet management, and notification generation.

Thus, the proposed system addresses the key limitations of
existing solutions by introducing a user-centric, secure, and
scalable waste management model that promotes
responsible behavior and supports the development of smart
cities.

III. FLAWS IN THE EXISTING SYSTEM:

Despite advancements in waste management technologies,
current systems suffer from several limitations:

e Lack of user engagement and motivation

e Absence of reward or incentive mechanisms

e Inefficient waste disposal practices

e Limited real-time monitoring and tracking

e No secure user identification system

e Poor integration between hardware and software

systems

These issues highlight the need for a more interactive, efficient,
and user-centered waste management solution.

IV. PROPOSED SYSTEM:

The proposed system, Smart Garbin, is an IoT-based
intelligent waste management solution designed to promote
responsible waste disposal through a reward-based
mechanism. Unlike traditional systems that only monitor
waste levels, this system actively involves users by providing
incentives based on the amount of waste they deposit.

The system integrates both hardware and software
components to ensure seamless operation. A load cell sensor,
connected through the HX711 module, is used to accurately
measure the weight of the waste deposited into the dustbin. A
keypad is incorporated into the system to allow users to
securely authenticate themselves using a unique User ID and
PIN. This ensures that each transaction is linked to a specific
user, maintaining security and preventing misuse.

Once the user enters valid credentials, the system allows the
waste disposal process. The measured weight data is
processed by a microcontroller, such as Arduino or ESP8266,
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and transmitted to a Django-based web application via WiFi
using RESTful APIs. The backend system verifies the user,
calculates the reward based on a predefined rate (6 per
kilogram), and updates the user’s digital wallet accordingly.
Additionally, the system generates real-time notifications to
inform users about the rewards earned. All transaction details,
including weight and reward amount, are stored in the
database, allowing users to track their activity through a web
interface.
Overall, the Smart Garbin system provides a secure, efficient,
and scalable solution by combining IoT technology with a
web-based platform, encouraging users to participate actively
in maintaining cleanliness while ensuring transparency and
accuracy in reward distribution.
Advantages of proposed system over the existing:

e Low implementation cost

e  Simple module

e  Easy functionality

Fig.1: Proposed System.
V. SYSTEM ARCHITECTURE:
A. The system is composed of following components:

1. The Smart dustbin:

A specially designed dustbin made of plastic or metal that
houses all the hardware components required for the
system. The load sensing unit (load cell) is placed at the
bottom or mid-level to measure the weight of waste
deposited. The electronic components such as the
microcontroller, HX711 module, and WiFi module are
securely installed at the base of the dustbin. The dustbin
should be of moderate size (height: 600-700 mm) to
accommodate all components efficiently.

2. Keypad:
A 4x4 matrix keypad is used for user authentication. It
allows users to enter their unique User ID and PIN before
disposing of waste. This ensures secure access and links
each  waste transaction to a  specific user.
Operating Voltage: 3.3V-5V

3. Load cell (Weight Sensor):
The load cell is the primary sensing component used to
measure the weight of waste. It works on the principle of strain
gauges, where deformation due to applied weight generates an
electrical signal proportional to the load.
Specifications:
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e Capacity: 10 kg
e  Rated Output: ~1 mV/V
e Excitation Voltage: 5V 8. Display Unit (LCD):

A 16x2 LCD display can be used to show real-time information
such as entered User ID, system status, measured weight, and
reward amount. This improves user interaction and system
transparency.

Operating Voltage: 5V

................

74
&/

Fig.3: Load Sensor
9. Backend Server (Django Web Application)

4. HX711 Amplifier Module:: The backend system is developed using Django and is
The HX711 is a precision 24-bit analog-to-digital converter responsible for user authentication, reward calculation, data
used to amplify and convert the small analog signals from the ~ storage, and notification generation. It receives data from the

load cell into digital signals that can be processed by the hardware system and updates the user’s wallet accordingly.
microcontroller.
Specifications: 10. Database System:

e  Operating Voltage: 2.7V -5V A The database stores all relevant data including user details,

wallet balance, transaction history, and notifications. It
ensures data persistence and allows users to track their activity
through the web interface.

e High precision ADC for weight measurement

Fig.4: HX711

5. Microcontroller (Arduino / ESP8266):
The microcontroller acts as the central processing unit of the
system. It reads data from the keypad and load cell (via
HX711), processes the input, and controls the overall
operation. It also prepares the data to be sent to the backend
server.
Function: Data processing, control, and communication

6. Wi-Fi Module (ESP8266):
The ESP8266 module provides wireless connectivity to the
system. It is used to send data such as user ID and waste weight
to the Django-based web server via HTTP APIs.
Function: Internet communication and data transmission
7. Power Supply:
The power supply unit provides the
necessary electrical power to all components
including the microcontroller, sensors, WiFi
module, and display. A stable 5V DC supply
is required for proper operation.
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VI. METHODOLOGY:
VI. METHODOLOGY
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VII. ADVANTAGES:

The Smart Garbin system offers several advantages over
traditional waste management systems by integrating l[oT
technology with a reward-based mechanism.

e Encourages Responsible Behavior:
The reward system (6 per kg) motivates users to
dispose of waste properly, promoting cleanliness and
environmental awareness.

e User Engagement:
Unlike traditional systems, this system actively
involves users through authentication and rewards,
increasing participation.

e Real-Time Processing:
The system processes data instantly, updating the
user’s wallet and generating notifications in real time.

e Secure Authentication:
The use of User ID and PIN ensures that only
authorized users can access the system, preventing
misuse and maintaining data accuracy.

e Accurate Weight Measurement:
The load cell with HX711 provides precise weight
readings, ensuring fair reward distribution.

e Integration of IoT and Web Technologies:
The system successfully combines hardware (sensors,
microcontroller) with software (Django backend),
demonstrating a complete [oT solution.

e Scalable System:
The design can be easily expanded to multiple dustbins
across different locations, making it suitable for smart
city implementation.

e Transparency:
Users can track their wallet balance, transaction history,
and rewards, increasing trust in the system.

e  Automation:
Reduces manual effort in waste monitoring and reward
calculation by automating the entire process.

e« Environmental Impact:
Promotes cleaner surroundings by encouraging proper
waste disposal practices and reducing littering.

VIII. FUTURE WORKS:

The Smart Garbin system can be further enhanced by
incorporating advanced technologies and expanding its
capabilities to improve efficiency, usability, and scalability.

1. Mobile Application Development:
A dedicated mobile app can be developed to allow
users to track rewards, view transaction history, and
receive real-time notifications more conveniently.

2. QR Code / RFID Integration:
Instead of keypad-based authentication, faster and
more user-friendly methods such as QR codes or RFID
cards can be implemented.

3. Al-Based Waste Classification:
Machine learning models can be integrated to
automatically classify waste (plastic, organic, metal),
improving recycling efficiency.

4. Smart City Integration:
The system can be deployed across multiple locations
and integrated with municipal waste management
systems for centralized monitoring.

5. Cloud-Based Data Analytics:
Advanced analytics can be used to analyze waste
patterns, user behavior, and system performance for
better decision-making.

6. Solar Power Integration:
The system can be powered using solar energy to
make it energy-efficient and suitable for outdoor
deployment.

7. Real-Time Monitoring Dashboard:
An admin dashboard can be developed to monitor all
dustbins, user activity, and system performance in real
time.

8. Voice Assistance / Multilingual Support:
Adding voice guidance and multiple language options
can make the system more accessible to a wider
audience.

9. Automatic Lid Mechanism:
A sensor-based automatic lid can be added to improve
hygiene and user experience.

10. Reward Conversion System:
The wallet balance can be extended to allow
redemption through digital payments, coupons, or
integration with UPI systems.
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IX. CONCLUSION:
Smart Garbin system presents an innovative and efficient
solution to modern waste management challenges by
integrating Internet of Things (IoT) technology with a
reward-based mechanism. The system successfully
combines hardware components such as load cells,
microcontrollers, and input devices with a Django-based
web application to create a seamless and interactive waste
disposal platform.
By introducing user authentication and real-time reward
distribution, the system not only ensures accurate tracking
of waste but also actively encourages users to participate in
maintaining cleanliness. The reward model (6 per kg)
serves as a strong motivational factor, promoting
responsible behavior and environmental awareness among
users.
Additionally, the system provides transparency through
features such as wallet updates, transaction records, and
notifications, enhancing user trust and engagement. The
integration of IoT and web technologies demonstrates the
feasibility of developing scalable and automated solutions
for real-world problems.
Overall, the Smart Garbin system has the potential to
significantly improve waste management practices, reduce
environmental pollution, and contribute to the development
of cleaner and smarter cities. With further enhancements
and large-scale implementation, it can play a vital role in
future smart city infrastructures.
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