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Abstract : Waste management in Sei Beluru Village faces challenges due to population growth
and increasing waste volume. This research aims to design and implement an automatic waste
bin system based on microcontroller using Arduino Uno. The research uses experimental meth-
od with hardware and software development stages including system design, component inte-
gration, and testing. The developed system integrates HCSR-04 sensors for waste volume detec-
tion, infrared sensors for object presence detection, and servo motors for automatic opening-
closing mechanism. Test results show that the system successfully detects waste levels with
high accuracy and operates the opening-closing mechanism effectively. The implementation of
this system proves effective in optimizing waste management in Sei Beluru Village by reducing
physical interaction and preventing waste accumulation.
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INTRODUCTION matched by the development of adequate
supporting facilities. Conventional trash
The rapid development of tech- cans that are still widely used today have

nology has encouraged various innova- several obstacles, especially in terms of
tions in everyday life, including in terms hygiene and ease of use. Users must di-
of waste management. Public awareness rectly touch the lid of the trash can which
of the importance of maintaining envi- has the potential to be contaminated with
ronmental cleanliness and hygiene con- various bacteria and germs, which can
tinues to increase, but this has not been cause health problems [1].
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The development of information
and communication technology has be-
come very important to improve efficien-
cy in various aspects of life. In this con-
text, the utilization of technology-based
automa- tion and control systems can
provide in- novative solutions to every-
day problems. With the right approach,
this technology can help individuals and
organizations manage information and
increase produc- tivity, which in turn has
a positive impact on people's quality of
life [2].

Technology plays an important
role in improving efficiency and effec-
tiveness in everyday life. One of the chal-
lenges faced is efficient waste manage-
ment, es- pecially in big cities. With the
increasing amount of waste, innovative
solutions are needed that are not only
practical but also environmentally friend-
ly. The design of this automatic trash can
is one of the steps to overcome the prob-
lem, especial- ly in the context of main-
taining  cleanli-  ness during the
COVID-19  pandemic [3]. In dealing
with waste management is- sues, it is im-
portant to understand the so- cial and en-
vironmental impacts of waste. People
often lack awareness of the im- portance
of keeping the environment clean. This
research aims to increase pub- lic aware-
ness about proper waste disposal and in-
troduce technology that can facili- tate
the process, such as a microcontrol- ler-
based automatic trash can device [4].

In this modern era, waste man-
agement is a serious challenge, especially
in educa- tional environments such as
Islamic  boarding schools. The im-
portance of in- novation in waste man-
agement is felt, considering that dirty en-
vironmental conditions can cause various
health and comfort problems. Therefore,
efficient solutions that utilize technology
to im- prove waste management are
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needed [5].

The use of Arduino Uno-based
technolo- gy in an automated waste bin
system can bring significant changes in
waste man- agement. This system not
only improves the efficiency of waste
collection, but also provides convenience
for cleaners in carrying out their duties
[6].

In addition, the application of In-
ternet of Things (loT) technology in
waste man- agement shows that micro-
controller- based monitoring allows man-
agement to be carried out in real-time.
With this sys- tem, managers can monitor
and organize waste transportation more
effectively, expected to have a positive
impact on environmental hygiene and
public health [7].

Advances in the field of electron-
ics and microcontrollers open up oppor-
tunities to owvercome these problems
through the development of an automatic
trash can system. By utilizing ultrasonic
sensors as a user presence detector, the
system can open and close the trash can
lid automatically without the need to
touch. This technology not only improves
the hygiene aspect but also provides con-
venience for users in disposing of waste

[8].

The implementation of microcon-
troller in automatic trash bin system is a
promising solution to improve -efficiency
and cleanliness in waste management.
This system uses an Arduino microcon-
troller as the main processing unit that
controls the HC-SRO4 ultrasonic sensor
to detect the presence of the user and the
servo motor as the driver of the trash can
lid. When the sensor detects an object
within a certain distance, the microcon-
troller will send a signal to the servo mo-
tor to open the trash can lid automatically
[9]. This research aims to develop and
implement a practical and hygienic au-
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tomatic trash can system using microcon-
troller and ultrasonic sensor. Through the
development of this system, it is expected
to provide solutions to the problems that
exist in conventional trash cans while
encouraging people to be more con-
cerned about environmental cleanliness.
This system is also designed by consider-
ing aspects of energy efficiency and ease
of maintenance so that it can be used in
the long term [10].

METHOD

Research Design

This research aims to design and
imple- ment an automatic trash bin moni-
toring and control system using modern
tech- nology. The methodology used in-
cludes hardware and software design,
testing, and system evaluation to ensure
the func- tionality and effectiveness of
the system in meeting the research objec-
tives.

Tools and Materials

In this research, various tools and
materi- als are used to support the system
design. The Arduino Uno microcontroller
serves as the main controller of the sys-
tem, while the HCSR-04 sensor is used to
de- tect the volume of waste in the bin. In
addition, an infrared sensor is utilized to
detect the presence of objects in front of
the bin. Servo motors are used to open
and close the lid of the waste bin auto-
matically, controlled through the micro-
controller. An ESP8266 module is in-
stalled to provide internet connection and
enable data communication between the
system and the Blynk application. The
Blynk application itself acts as a user in-
terface, enabling real-time monitoring of
the bin condition and providing notifica-
tions to the user.
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System Design
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Figure 1. System Design
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The system design includes the
integra- tion of several key components
to create a functional and efficient sys-
tem. The HCSR-04 sensor and infrared
sensor are connected to the Arduino Uno
to detect the volume of waste and the
presence of objects. The servo motor
connected to the Arduino is controlled to
open and close the trash can lid automati-
cally according to the conditions detected
by the sensors. The ESP8266 module is
used to connect the system with the in-
ternet, so that the data obtained can be
sent to the Blynk application. Through
this application, users can monitor the
status of the bin directly and receive noti-
fications when the bin is full or in certain
conditions.

Research Procedure

The research procedure begins
with hardware design, where electronic
components are arranged according to the
pre-designed system diagram. After that,
software development was carried out
using the Arduino IDE, to control the
sensors, motors, and internet connection.
The next stage is system testing, which
includes testing the sensors to detect the
volume of waste and the presence of ob-
jects, the servo motor to ensure the re-
sponsiveness of opening and closing the
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bin lid, and the ESP8266 module to en-
sure the internet connection is running
properly. The Blynk application is also
tested to ensure the data from the system
can be displayed correctly to the user. In
the final stage, an evaluation is conducted
to analyze the test results and determine
the reliability and efficiency of the sys-
tem as a whole.

Data Analysis

Data analysis was conducted
based on the test results of the system.
The param- eters analyzed include the
accuracy of the waste volume measure-
ment by the HCSR-04 sensor, the respon-
siveness of the system in opening and
closing the bin lid according to sensor
detection, and the reliability of the inter-
net connection through the ESP8266
module in sending data to the Blynk ap-
plication. The results of this analysis are
used to evaluate the performance of the
system and identify opportunities for fur-
ther improvement.

RESULTS AND DISCUSSION
System Description

This automatic trash bin monitor-
ing and control system is designed using
Arduino  Uno  microcontroller  and
ESP8266 mod- ule. The system utilizes
the HCSR-04 ultrasonic sensor to detect
the volume of waste as well as an infra-
red sensor to de- tect the presence of ob-
jects near the bin. By utilizing this tech-
nology, the trash can is able to open and
close the lid automat- ically without re-
quiring direct physical interaction from
the user [11].

System Component Analysis

The system consists of several
main components that have specific roles
in supporting its functionality. The Ar-
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duino Uno microcontroller acts as the
control center of the entire system. With
its small size and flexible programming
capabili- ties, Arduino Uno can manage
inputs from various sensors as well as
control servo motors to open and close
the trash can lid. Its flexibility in integra-
tion with various software libraries facili-
tates sys- tem development and optimiza-
tion [12].

The HCSR-04 ultrasonic sensor is
used to measure the distance of objects
and detect the volume level of garbage in
the bin. This sensor works on the princi-
ple of the travel time of ultrasonic waves
that are reflected back after hitting an ob-
ject. The resulting data allows the system
to detect the capacity of the bin with a
high degree of accuracy, whether it is
empty, half ful, or full [13]. Servo mo-
tors function as trash can lid movers with
the ability to accurately con-trol the angle
of rotation. These motors are often used
in robotics and automation applications
due to their precision of movement. With
a feedback system, ser- vo motors allow
for smooth and respon- sive position con-
trol, making them an ideal component for
automatically man- aging the opening
and closing of trash can lids [14].

The Arduino IDE, as the develop-
er soft- ware, is used to write, compile,
and up- load program code to the Ar-
duino micro- controller. This IDE pro-
vides a simple yet powerful user inter-
face, allowing both beginners and expe-
rienced develop- ers to develop programs
with ease. Using the C/C++ program-
ming language equipped with various
additional func- tions and libraries, the
Arduino IDE sup- ports the development
of complex fea- tures as well as extend-
ing the capabilities of the designed pro-
ject [15].

Testing Results
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Figure 2. Program code in Arduino
IDE

Figure 3. Automatic Trash Can
Microcontroller Tool Set

System testing is done by
checking the function of each component
separately and as a whole to ensure the
system works according to the design.
The test results show that all components
function properly. The ultrasonic  sen
sor  test shows an adequate level of
accuracy in detecting the user's distance
from the trash can, so that the system can
provide an appropriate response. In
addition, test- ing the duration of opening
and closing the bin lid showed a delay of
two se- conds, which ensures the
mechanism works efficiently and respo
nsively.

Figure 4. Tool Assembly
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Figure 5. Tool Testing

CONCLUSION

The results of the research and
testing that have been carried out, it can
be concluded that the microcontroller-
based automatic trash can system was
successfully designed and implemented
effectively in Sei Beluru Village. The
integration of HCSR-04 sensor and
infrared  sensor with  Arduino  Uno
showed reliable performance in detecting
the volume of waste and the presence of
objects. The use of servo motors for the
automatic open-close mechanism proved

effective in reducing physical contact
with the waste bins, improving the
cleanliness and hygiene aspects. The

implementation of this system provides
an appropriate technological solution in
optimizing waste management at the
village level.
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