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Abstract.

With urbanization and population growth, the volume of waste generated is also increasing. Traditional waste
management methods may become insufficiently efficient, necessitating more intelligent and sustainable solutions to
meet this challenge. In traditional waste management systems, garbage trucks often collect waste according to a fixed
schedule without considering the actual fill level of the garbage bins. This can lead to resource wastage and unnecessary
carbon emissions. The research background of smart garbage bins is also closely related to environmental protection.
By managing waste more effectively, reducing pollution to land and water sources is possible, contributing to achieving
sustainable development goals. This study investigates the application of smart waste bin technology in urbanization,
focusing on its potential in waste classification and environmental protection. The research encompasses three main
stages: system design, prototype construction, and functional testing. In the system design phase, key components such
as LED displays, ultrasonic sensors, and servo motors were selected based on functional requirements, and intelligent
control was implemented using Arduino boards and the U8g2lib library. During the prototype construction phase, 3D
printing and precise assembly were employed to ensure the effective layout of electronic components. The testing phase
involved evaluating the performance of humidity sensors, ultrasonic sensors, and voice modules. The test indicates that
the smart waste bins perform well in terms of sorting accuracy and ease of operation, but improvements are needed
in real-time monitoring and user interaction. Overall, this study provides significant insights into the technological
development of smart waste bins and their application in urban environments.
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1. Introduction Smart waste bins, as an innovative solution to this issue,
are considered key tools in promoting sustainable urban
development due to their automation and intelligence.
This technology integrates various functions such as
waste sorting, remote control, voice recognition, capacity
monitoring, wet and dry separation, and sensor-based lids,
aiming to enhance waste management efficiency, reduce
environmental pollution, and promote the effective use of
resources [3].

Globally, research on smart waste bins has focused on
their design, functional optimization, and application
expansion. The application of microcontrollers like
Arduino and Raspberry Pi, along with the integration of
advanced technologies such as deep learning and image
recognition, has significantly enhanced the functionality
and practicality of smart waste bins [2,4]. Studies both
in China and abroad have shown that smart waste bins
have made significant progress in terms of accuracy
in waste sorting, ease of operation, and environmental
adaptability. However, real-time monitoring, cost-
effectiveness, and user interaction experience still require
further exploration [5]. The motivation for this study
stems from the challenges faced by smart waste bins in
practical applications, such as improving sorting accuracy,

In the accelerated process of urbanization, the issue of
waste management has increasingly come to the forefront
as a global environmental and resource challenge. The
dense urban population, rapid changes in consumption
patterns, and the evolution of lifestyles have collectively
escalated urban waste production, posing unprecedented
challenges to traditional waste management systems.
Despite mandatory household waste sorting policies in
China, the coverage of intelligent waste management
technologies remains limited, and a general lack of
advanced intelligence is evident, highlighting the
limitations of existing systems. According to the literature
“Artificial Intelligence-based Campus Waste Recycling
and Utilization,” China’s annual waste production
growth rate remains around 5%, ranking first globally.
Despite the comprehensive implementation of mandatory
household waste sorting in China, the coverage of
intelligent waste management technologies is limited,
and the degree of intelligence is low, with manual sorting
still dominating[1]. Data from 2020 indicate that organic
waste is the most common type of garbage in Yogyakarta,
Indonesia, accounting for 50.21% of total waste[2].
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optimizing user experience, and reducing costs.
Furthermore, further refinement and innovation of
existing technologies are expected to significantly
impact smart city construction, resource recycling, and
environmental awareness. This paper explores smart
waste bins’ technological innovations and applications in
waste classification, remote monitoring, voice recognition,
capacity monitoring, wet and dry separation, and sensor-
activated lids. The research will unfold in the following
aspects: firstly, an in-depth analysis of the strengths
and limitations of current smart waste bin technology,
proposing directions for improvement; secondly, through
experimental validation, exploring ways to enhance the
accuracy of waste classification and the overall efficiency
of the system; thirdly, considering cost-effectiveness and
user experience, optimizing the design of smart waste
bins; and finally, discussing the application prospects of
smart waste bins in the construction of smart cities and
sustainable development. This paper aims to provide
comprehensive theoretical support and practical guidance
for developing smart waste bins, promoting their broader
application in environmental protection and sustainable
urban development[6,7].

2. Design Process

2.1 Design Screening

The system of the new smart garbage can utilize two
independent communication methods: wireless and
infrared. The transmitter at the remote control end and
the receiver at the garbage can complete the information
transmission through the modulation and demodulation
of electromagnetic waves, achieving the control function
of the mechanical equipment. When a person is detected
near the garbage can, the infrared transmitter and receiver
complete the information transmission through the
modulation and demodulation of the infrared light waves,
achieving the control purpose. Traditional garbage cans
achieve the function of automatic induction opening
through the infrared sensing device. Still, considering
special groups such as those with limited mobility, this
project designs an external remote control. The remote
control transmits signals to the receiver in the bucket
through the wireless communication subsystem, allowing
the garbage can lid to be fixed at an angle like a household
air conditioner, resolving the above issues.

Additionally, the application of the remote control allows
the control of the garbage can to move in front of the user
and to avoid obstacles on the path during the movement,
preventing damage to the equipment and side turn-over,
leading to a series of problems such as garbage leakage.
To enrich the functions of the smart garbage can, an

optical sensor is used at the entrance of the garbage can.
Connecting the sensor system to a Bluetooth system
makes it easy to access information about the status of
waste levels in the garbage can and helps to manage waste
effectively[8].

The infrared scanning technology detects and analyzes
the input material’s shape, humidity, and temperature to
determine its category for sorting. This improves user
experience with the product and includes a display screen
on the trash can lid to show the remaining capacity and
internal temperature, prompting users to manage the trash
and address any high-temperature items to prevent fire
hazards and safety risks.

2.2 Design Development

In the process of designing a smart trash bin that is both
more functional and convenient, various challenges
inevitably arise. Initially, it’s crucial to understand the
working principles of the smart trash bin, which involves
creating a design that is not only minimalist and practical
but also aligns with the aesthetic preferences of the
general public. Following this, one must develop the
necessary software, operating system, and corresponding
hardware based on the functionalities required for the
designed smart trash bin. Issues may surface during
product testing after integrating these components into a
prototype. To address such issues, checking and adjusting
the sensitivity of the sensors on the Trash bin is essential
to ensure optimal performance.

Furthermore, allowing users to adjust the sensor range
through settings or an application and updating the
operating system of the trash bin can significantly enhance
the user experience. The proposed system combines
a network of sensors, data analytics, communications
infrastructure, and smart garbage cans within a single
platform. This novel strategy aims to optimize waste
collection routes, track fill levels, and support recycling
activities through real-time monitoring and data-driven
decision-making[9]. Additionally, to more accurately
implement the separation of dry and wet waste, the
diameter of the trash inlet can be increased. This
modification allows the humidity sensors and scanners at
the inlet to better analyze the shape and moisture content
of the disposed items, thereby making a more precise
determination of whether the waste is dry or wet, greatly
facilitating the users in handling waste disposal details.
Evaluation of smart waste management systems and
proposed software technologies. In addition, a software
prototype visualization was created to demonstrate and
show how the software system would look and how it
would improve the functionality of the waste collection
system[10].
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3. Prototyping and Testing

3.1 Prototyping
3.1.1 Circuit Prototype

When constructing the product model, the type of
sensors and actuators used is determined based on the
functionality required. The project includes a library
that controls various components such as LED display,
ultrasonic sensor, servo motor, humidity sensor, and light
intensity sensor. The automatic opening and closing of
the smart trash can lid is achieved through a voice module
and orientation module. Detecting and displaying the
trash can’s available capacity and environmental humidity
is accomplished using the testing module and display
module. Implementing all functions requires sensors to
detect the external environment and then decide whether
to send a signal to the main control unit and the content
of the signal, ultimately achieving the corresponding
functionality[6].

The organic light-emitting diode display is controlled by
using the U8g?2lib library to control the OLED based on
SSD1306. This display shows real-time information about
the trash can, and the control module updates periodically
using the LED function, including available capacity
and humidity level. The ultrasonic sensor is connected to
input and output pins on the Arduino board. The “MTD”
function measures the distance between the sensor and
objects by emitting ultrasonic pulses, calculating the
time required for the pulse to return, and converting it to
centimeters for distance measurement[7]. The servo motor
is connected to pin 9, and the mechanism controlling the
opening and closing of the trash can lid can be controlled
through serial communication to adjust the lid position.
The DHT11 humidity sensor is connected to pin four and
utilizes the DHT library to read the humidity level using
the DHT.readweather function, ultimately displaying the
humidity value on the LED display.

3.1.2 Programming prototype

The display screen is sensitive to internal humidity and
available capacity. It also has voice recognition and
speakers mounted to facilitate audio recognition and
receive voice feedback. To effectively avoid occupying
the internal space of the trash can, the Arduino board is
installed on the exterior of the trash can. When preparing
the circuit, it is essential to ensure accurate circuit
connections to run the program successfully within the
circuit. Finally, the wires connecting the breadboard are
soldered to the universal board, and the two ends are
soldered together. After completing the above tasks, the
next step is to test the circuit’s functionality.

3.1.3 3D Model Prototype

The first step in the model’s production involves
determining the position and dimensions of the
components on the 3D model and purchasing the required
materials accordingly. The SG90 servo and the speaker
of the voice module are fixed in their respective positions
using 502 glue. In contrast, other electronic components
are fixed using physical cutting and opening of the trash
can[6]. During the production process, it is important to
note that the humidity sensor should be installed inside
the trash can due to its need to measure internal humidity.
During the final stages, electrical tape is used to protect
and improve the local wiring leakage and the aesthetic of
the wiring.

3.2 Testing

For the project itself, each function must be fully
implemented. Testing the project is aimed at ensuring
the proper functioning of the sensors used. This includes
testing whether the humidity sensor can detect the
appropriate liquid level in the trash bin, whether the
ultrasonic sensor can calculate the used capacity in the
trash bin, whether the display screen can clearly show
the humidity and capacity data, and whether the voice
module can receive commands and provide corresponding
feedback.

4 Conclusion

The study process took a comprehensive approach,
starting with a complex system design, building a working
prototype, and concluding with thorough testing and
assessment. Moreover, smart garbage bins may be used
to address urban environmental problems. Complete
with speech modules, servo motors, LED displays, and
ultrasonic sensors, all painstakingly controlled by Arduino
boards—the bin is a prime example of a sophisticated,
approachable trash management system. Moreover, its
ability to categorize and sort trash this way and its real-
time monitoring capabilities are impressive.

Furthermore, prototyping, which involved 3D printing
and meticulous assembly, was vital in translating the
basic notions into a functional, dependable final product.
Ultimately, this phase validated the viability of the smart
bin concept and provided invaluable insights into the
challenges of putting this technology into practice in the
real world; this phase also revealed several places where
more development is required, especially in the user
interface (UI) and real-time data processing.

In addition, the implications of this study extend well
beyond waste management. The innovative design
and practical qualities of smart trash cans significantly
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contribute to the concept of smart, sustainable cities.
Additionally, they encourage efficient recycling and
garbage reduction while addressing the logistical
difficulties of waste management and highlighting the
value of environmental stewardship. The study proposes
several prospective lines of inquiry and advancement.
Successful integration of the bins into the urban fabric
relies on improvements to the user experience, cost-
effectiveness, and real-time monitoring capabilities of
the bins. Flexibility and scalability in various urban
settings will also need to be explored. The advent of
the smart waste bin marks a substantial technological
accomplishment and a significant contribution to
the international push toward sustainable urban
development. These developments are the key to a more
environmentally conscious, efficient, and sustainable
urban future, and they are essential to addressing today’s
environmental challenges.
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