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Abstract: Over the past decade, the use of smart waste monitoring systems
has become a popular way of waste management. This system generally
makes it easier for scavengers and household users to monitor the status of
the level of waste in the trash. This study aims to create an innovative
l0T-based intelligent waste monitoring system to facilitate waste monitoring
for households. The proposed system consists of the first 3 important parts,
an loT-based household trash bin monitoring system. Second, the smart trash
can monitor system uses 2 sensors, namely ultrasonic sensors and load cell
sensors. Third, display a full indicator on the web if it has reached the
maximum height or weight limit of garbage. Meanwhile, the evaluation of
the system is carried out by testing the accuracy of the weight and height
values of the waste on the smart waste system and using the black-box
method for testing application features. The proposed smart trash bin has
been tested manually using a ruler for measuring the height of the trash
compared to measurements using a height sensor resulting in an average gap
error of 0.08 cm. While the results of the comparison of measuring waste
weight using a scale in kg compared to measuring waste weight using a
weight sensor resulted in an average gap error of 0.03 kg. The test results are
close to the actual height and weight of the garbage. The main contribution
of this research is a system to monitor the volume of waste in the trash that
can be linked to the application of waste collection service management for
residential environments. Smart trash can users can monitor the condition of
the waste by looking at the high level and weight indicators of the waste on
the web application when it reaches the maximum then sending an order
message to the waste collection manager for waste.
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greatly disrupt the preservation of environmental functions,
both in residential areas, forests, rice fields, rivers and
oceans. Several cities in Indonesia already have a waste

Introduction

The Internet of Things is a new technology and has the

potential to change human life globally in positive ways,
thanks to its diverse connectivity. Currently, loT
technology has been used in various fields. One of them
is to solve the waste problem in the city environment. The
loT-based waste management model has a vital
performance in improving living standards and human
well-being by increasing energy efficiency, improving
governance and reducing costs.

The increase in population, changes in consumption
patterns and the lifestyle of the Indonesian people has
increased the number of waste piles, types and diversity
of characteristics of waste. The increasing volume of
landfills requires management (Marliani, 2015). Waste
management or waste that does not use environmentally
friendly waste management methods and techniques will
not only have negative impacts on health, but will also
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recycling system that is dominated by scavengers in looking
for recyclable waste that has an economic value such as
paper, plastic, glass and iron to be sold by waste collectors.
However, the accumulation of garbage in various large
urban settlements still occurs, as a result of waste
management that has not met the principles of health,
economy, engineering and good environmental
considerations. Various studies on waste management
systems have been carried out. Several studies have
developed an loT-based waste monitoring system that can
solve the problem of household waste accumulation.
Research conducted by (Harith et al., 2020) has tried to
develop an loT-based smart waste prototype to overcome
the inefficiency of the waste collection system by
monitoring the status of the trash cans, the location of the
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garbage trucks and their drivers and being able to analyze
the waste production rate. Research (Arief and Gaol,
2017) also proposed a prototype for 10T-based waste
volume monitoring that can monitor waste volume by
designing a smart bin system that can detect the weight
and level of waste using a load cell sensor and an ultrasonic
sensor. The web-based application is used to display all
waste data in the form of daily, weekly, monthly and yearly
graphs viaa GSM/GPRS network connection. Another study
proposed by (Wijaya et al., 2017). proposes an 10T-based
garbage monitoring and garbage collection system using
hardware Node MCU (microcontroller board) connected to
two ultrasonic sensors with a Wifi Module (ISM Band
900). The results show that the type of waste (‘flat' or 'non-
flat) with a certain angle of reflection can identify the
waste level status in the trash (‘full bin' or 'not full) via the
internet in real-time which can be accessed by collectors’
trash through the mobile application. Research (Anh
Khoa et al., 2020) also proposed an intelligent waste
management system using ultrasonic sensors and Lo Ra
communication protocols and Tensor Flow-based deep
learning to monitor the status of trash cans and identify and
classify waste to separate waste, including metals, plastics,
paper and the general public.

However, the problem is not only creating
environmentally-friendly ones. The waste management
system must be improved to increase the economic
self-sufficiency of the community. An efficient waste
management system is needed to make use of recycled waste
in the household environment. Public awareness of the
importance of monitoring the condition of their household
waste disposal, which is always checking that the trash can
is full or empty, especially for recycled waste. So that people
can immediately sell their waste to various waste collection
service  entrepreneurs.  Likewise, waste  collector
entrepreneurs can find out the conditions when the household
garbage dumps are transported in each residential area.

In this study, a smart trash bin system and a prototype
of loT-based recycling waste management are proposed
to overcome the accumulation of household recycled
waste in residential areas. The system consists of a trash
can monitoring system using sensors, a database
server-based data management system for mobile
applications and web applications and an android and
web-based waste management application prototype. This
system can be used by people who have smart trash cans
or entrepreneurs who collect waste for further action.
Thus, more recycled waste can provide benefits and save
time for handling the transportation of recycled waste.

Related Works

In recent years, several studies have attempted various
developments in terms of 10T-based waste monitoring and

management systems. Research conducted by
(Anh Khoa et al., 2020) has tried to develop an loT-based
smart waste prototype to overcome the inefficiency of the
waste collection system. This study proposes a centralized
intelligent waste management system using Lora Server
as a cloud server, 10T server and Web Application Server
with Things Board. The system can monitor the status of
the trash can, the location of the garbage truck and its
driver and can analyze the waste production rate.
Research (Arief and Gaol, 2017) also proposed a
prototype for IOT-based waste volume monitoring using
an Arduino-based Linklt ONE board and an ultrasonic
sensor for the senses. The proposed system can monitor
the volume of waste to its full extent and send
notifications to the user. Other research also proposes a
smart bin system design that can detect the weight and
level of waste using a load cell sensor and an ultrasonic
sensor. In this system, trash can be detected from the
mobile application via the web to make it easier for
officers to find out the condition of the waste. The web-
based application is used to display all waste data in the
form of daily, weekly, monthly and yearly graphs via a
GSM/GPRS network connection.

Another example, suppose the system proposed by
(Hassan et al., 2018) (Mustafa and Ku Azir, 2017)
(Kadry et al., 2017) (Navghane et al., 2016). They
proposed an 10T-based garbage monitoring and garbage
collection system using node MCU hardware
(microcontroller board) connected to two ultrasonic
sensors with a Wifi Module. The results show that the type
of waste (‘flat' or 'non-flat) with a certain angle of
reflection can identify the waste level status in the trash
(‘full bin' or 'not full’) via the internet in real-time which can
be accessed by collectors’ trash through the mobile
application. Research (Sheng et al., 2020) (Ziouzios and
Dasygenis, 2019) also proposed an intelligent waste
management system using ultrasonic sensors and LoRa
communication protocols and Tensor Flow-based deep
learning. The smart trash system bin monitors the status
of the trash using an ultrasonic sensor. Lo Ra
communication protocols for low-power and long-
distance data transmission and Tensor Flow-based object
detection to identify and classify waste to separate waste
including metals, plastics, paper and the general public.

Other research (Mahajan et al., 2017) suggests that
real-time monitoring of waste levels with the help of
sensors and wireless communication will reduce the total
number of trips required for GCV.

loT-based research (Doraipandian, 2020) proposes
intelligent irrigation systems based on the Internet of Things
(loT) and Machine Learning (ML) to be used in agriculture
to solve water resource management problems.

Another l0T research (Saad et al., 2019) builds an
loT-based solar cell tracker that can be controlled via
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mobile Apps and the data can be read anywhere as long
as there is an internet network.

Proposed loT-based Waste Monitoring System

To overcome the accumulation of household waste,
this study aims to design a system for detecting the weight
and height of garbage in the trash in the form of a smart
trash can that has a web-based interface. The system for
detecting the condition of the trash can consists of 3
components, namely the trash can, the ultrasonic ping
sensor, the load cell sensor and the MCU node. The stages
of this research use the gradual processing method, Fig. 1
shows the stages of the research.

Based on Fig. 1, the stages of this research begin with
the stage of designing the smart trash can, then testing if
the smart trash can is functioning properly, then the stage
of defining the requirements for the application
requirements for the web. Furthermore, a needs analysis
for application features is carried out, if appropriate, it will
proceed to the prototype design stage. The final stage of
the research is creating program code and testing
prototypes using black-box testing. While the
architectural system is shown in Fig. 2

Based on Fig. 2, the first component in the system
Based on Fig. 1, the first component in the system is a trash
can. This trash can is used to accommodate household waste
which is equipped with two sensors to detect the height and
weight of the trash. These two sensors are responsible for
detecting the weight and height of the trash that enters the
trash. There are 2 types of sensors used: (1) ping ultrasonic
sensor, to detect the height of waste and (2) load cell sensor,
to detect the weight of waste. These two sensors will send
data on the weight and height of waste and be processed by
node MCU. Furthermore, data on the weight and height of
waste will be sent by the MCU Node component via the
internet network and stored into the database server.
The application component is designed using the PHP
programming language for a web base supported by a

web server component and Google Maps API to
produce web-based applications.

This study aims to propose a monitoring system for the
condition of waste in trash bins known as loT-based smart
trash cans. The proposed system is used to monitor the
weight and height of household waste in trash cans. The
proposed smart trash bin system is illustrated in Fig. 3.

Based on Fig. 3, the sensor detects the height and
weight of the garbage, received and processed at the MCU
Node and then sent to the database. based on data stored
in the database, waste level information is displayed
through a web application. Detection will stop if the waste
level has reached the maximum.
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Fig. 2: System architecture
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Experimental Results

After observing the user's need to have a smart trash
that can monitor the condition of the waste, the
researchers designed a smart trash can using 2 sensors to
detect the weight and height of the garbage. A smart trash
bin with Ultrasonic Sensor is shown in Fig. 4.

Based on Fig. 4, Garbage that enters the trash can
will be detected through two sensors, namely the height
sensor and the weight sensor. The height sensor will
detect how high the trash is in the trash can. The weight
sensor will detect how much trash weighs in the bin.
The data that has been read by each sensor will be sent
to the MCU node then the MCU node will send the data
to the database server via the internet network. Trash
condition is said to be full if it has reached a maximum
height of 40 cm and a weight of 20 kg and is displayed
on a web application.

Interface Application

The web application interface to visually see the
garbage level when it is fully detected is shown in Fig. 5.

Based on Fig. 5, the user must log in first before seeing
the condition of the waste level in the trash can. The
condition of the level of trash in the trash cans detected by
the ultrasonic sensor is displayed in the form of a
percentage while the weight of the waste is displayed in kg.
If the trash in the bin is not full, the status is "waste ready",
when it is full, the status is "waste full".

System Testing

System testing carried out on a trash can that is
installed with sensors and also on Android runs very
well. System testing has produced data following what
happened. With the data obtained in real-time, it is also
very helpful in monitoring the trash, so that the owner
of the trash and the cleaning staff will know the
information quickly whether the trash can is full or not
directly. In some factors, the tools used in processing
waste require a connection to the internet using WIFI,
so that if there is no internet network, data delivery is
in the cloud. Testing of waste height measurement uses
the ultrasonic sensor.

Table 1 shows the results of measuring the height of
the trash in the trash can manually using a ruler with the
measurement results from the ultrasonic sensor.

Based on Table 1 the comparison of the
measurement results in an average error gap of 0,08 cm.
This shows that the results of the measurement of the
waist height using the ultrasonic sensor are close to the
actual waste height conditions. The Ultrasonic Sensor
Measurement Chart is shown in Fig. 6.

i

height waste.
heavy waste

INODE MCU

view waste
level

Fig. 3: Smart trash bin system

Fig. 4: Smart trash bin with ultrasonic sensor

Waste Level °

Fig. 5: Heigh and weight level interface
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Measurement results of Ultrasonic sensors
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=@ Measurement results of Ultrasonic sensors (cm)

Fig. 6: Chart ultrasonic sensor measurement

Table 1: Ultrasonic sensor measurement results

Manual measurement Measurement results of

No with a ruler high (cm) ultrasonic sensors (cm) Error (cm)
1 1 0,98 0,02
2 2 2,01 -0,01
3 3 2,98 0,02
4 4 4,02 -0,02
5 5 51 -0,1
6 6 6,01 -0,01
7 7 7,12 -0,12
8 8 8,01 -0,01
9 9 9,11 -0,11
10 10 10,11 -0,11
11 11 11,01 -0,01
12 12 12,1 -0,1
13 13 13,01 -0,01
14 14 14,12 -0,12
15 15 15,1 -0,1
16 16 16,1 -0,1
17 17 171 -0,1
18 18 18,01 -0,01
19 19 19,1 -0,1
20 20 20,01 -0,01
21 21 21,13 -0,13
22 22 22,01 -0,01
23 23 23,1 -0,1
24 24 24,11 -0,11
25 25 25,1 -0,1
26 26 26,21 -0,21
27 27 27,2 -0,2
28 28 28,11 -0,11
29 29 29,01 -0,01
30 30 30,01 -0,01
31 31 31,1 -0,1
32 32 32,12 -0,12
33 33 33,1 -0,1
34 34 34,2 -0,2
35 35 35,01 -0,01
36 36 36,1 -0,1
37 37 37,21 -0,21
38 38 38,12 -0,12
39 39 39,01 -0,01
40 40 40,01 -0,01
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Table 2: Load cell sensor measurement results

No Litter weight (Kg) Measurement results of load cell sensors (kg) Error (%)
1 1 0,98 -2,00
2 2 2,01 0,50
3 3 2,92 -2,67
4 4 4,01 0,25
5 5 5,01 0,20
6 6 6,1 1,67
7 7 7,12 1,71
8 8 8,11 1,37
9 9 8,97 -0,33
10 10 9,98 -0,20
11 11 11,01 0,09
12 12 12,02 0,17
13 13 12,98 -0,15
14 14 14,02 0,14
15 15 15,01 0,07
16 16 16,11 0,69
17 17 17,13 0,76
18 18 18,01 0,06
19 19 19,01 0,05
20 20 20,01 0,05
Table 3: Black box testing results
No Testing scenarios Test case Expected results Test results Conclusion
1 Input waste weight data from  View box trash weight level A number that shows the A number appears that OK
the ultrasonic sensor indicator in cm and percentage units  weight of real waste appears shows the weight of
waste from the measurement
results of the ultrasonic sensor
with a figure close to the actual
condition
2 High data input of garbage View the waste level indicator A number appears that shows the A number appears that shows the height OK
from load cell sensor in kg and percentage units high level of waste according to of waste from the measurement results of
the condition which has been real  the load cell sensor in the form of a
converted from units of kg into percentage of the waste weight indicator
a percentage level with a number close to the actual
condition
3 Input from waste weight or View the waste level An indicator on the
height not in max limit indicator waste ready web waste ready An indicator on the web waste ready OK
4 Input from max waste View the waste level An indicator on the web waste An indicator on the web waste ready OK
weight or height indicator waste full ready change to waste full change to waste full
21
20
19
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r7017
2= 16
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¥
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1 7
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Fig. 7: Load cell sensor measurement
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Table 2 shows the results of measuring the weight of
the trash in the trash manually using a weighing scale with
measurement results from the Load Cell Sensor.

Base Table 2 shows the results of measuring the weight
of waste using a load cell sensor. In the column, the weight
of waste is the measurement of real waste from the scale in
kg. in the load cell sensor measurement results column is the
result of measuring the weight of waste using a load cell
sensor in kg. The results of the measurement comparison
show an average error of 0,03 kg... The load cell sensor
measurement graph is shown in Fig. 7.

Furthermore, the results of testing a web application
that displays the weight and height of the garbage in the
trash using the black box test are shown in the Table 3.

Discussion and Future Work

Several studies that have been proposed by (Hassan et al.,
2018) (Mustafa and Ku Azir, 2017) (Kadry et al., 2017)
(Navghane et al., 2016) propose a similar system for
monitoring and waste collection based on loT waste.
using hardware Node MCU (microcontroller board)
which is connected to two ultrasonic sensors with Wifi
Module. The results can identify the status of the level of
waste in the trash (‘full bin' or 'not full’) via the internet in
real-time which can be accessed by scavengers through a
mobile application. The difference in this study results in
a waste monitoring system in the form of a smart trash that
can display the level of waste volume in the trash can
through a web application and can be integrated with a
waste management application that is accessed by waste
collector entrepreneurs so that smart trash can users get
economic value from selling their waste.

Conclusion

This research resulted in a household trash can
monitoring system. The proposed system consists of 3
important parts, the first namely an loT-based household
trash can monitor system. Second, the waste bin monitoring
system is in the form of a smart trash can using 2 sensors,
namely an ultrasonic sensor and a load cell sensor. Third,
displays a full indicator on the web if it has reached the
maximum height or weight limit of the garbage.

The ultrasonic sensor will detect how high the
garbage is in the trash. The load cell sensor will detect
the weight of the garbage that goes to the right garbage.
Furthermore, the MCU node is a processor and sender
of data into the internet network. Smart trash cans
equipped with sensors and MCU nodes have been
tested manually using a ruler for measuring the height
of the garbage, resulting in an average gap error of 0,08
cm close to the actual height of the garbage. While the
results of measuring the weight of real waste using a
scale in kg, the results of the comparison of
measurements show a gap error of 0.03 kg. Testing of

several test cases from web applications is carried out
using the black box testing method with the test results
as expected by the user. This study has limitations,
first, smart trash cans cannot sort out various types of
waste automatically, so the owner of the bin must
collect garbage according to its type into the bin
manually. For further research, improvements are made
to overcome the above limitations, including
developing smart trash bins so that they can detect the
type of waste.
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