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Abstract: Problems arising from waste result from poor management systems. In practice, the cleaning service for the Environmental Service Office 
who picks up trash from public garbage dumps is still done manually. This can result in longer waste deposition if the cleaning staff forgets to pick up the 
trash because waste control is still done manually. A solution is needed to make it easier for cleaning workers to control waste so that there is no long 
garbage deposition in the trash. The system can monitor waste mapping, waste data in the form of weight and volume of waste. The working principle is 
that this recycle bin requires an internet connection to be able to send garbage data to the database. The data is then displayed on the web which can 
be accessed by a computer or smartphone via a browser. In addition, this trash system has an automation in the open-close system of the trash. From 
the results of system design testing, this system can work well with the percentage of error reading the weight sensor data of 1.33% and the percentage 
of deviation of the load cell sensor weight reading by 4%. Monitoring of sensor data readings was also successfully carried out. 
 
Index Terms: Internet of Things, Quality of Live, Real-time, Recycle Bin, Waste Management 

——————————      —————————— 

1 INTRODUCTION                                                                     

esearch Report from Indonesia Central Bureau of Statistics 
states that in 2016 the amount of waste generation in 
Indonesia reached 65.2 million tons per year with a population 
of 261,115,456 people, while the Sustainable Waste Indonesia 
(SWI) research revealed that 24 percent of waste in Indonesia 
was still unmanaged. Many factors are caused by one of them, 
one of which is the accumulation of waste that is not 
transported [1]. Unfortunately, waste management is very 
problematic with health, starting from the start of disposing of 
trash individually to the trash, from the trash to the garbage 
truck, from the garbage truck to the central garbage collection 
point. Recycle bins are often associated with many germs, 
bacteria and viruses that will cause health problems [2]-[5]. 
Furthermore, the problem of the amount of waste that is not 
known daily so that the government does not manage waste 
optimally to provide a place and process waste [6]-[9]. This 
research proposes an integrated waste management system 
by making touchless recycle bins so that the spread of germs 
from waste is minimal, and the use of the Internet of Things to 
integrate centralized waste management, so that the 
government can carry out more measured and maximum 
waste management. The use of the Internet of things has been 
widely used for many spheres of life, ranging from health [10]-
[14], transportation [15]-[21], energy [22]-[27] and others. So, 
with the system proposed in this study, it is hoped that an 
increase in the quality of human life will occur. 
 

2 MATERIAL AND METHODS 
The materials used are divided into two groups, hardware, and 
software. Hardware in the form of recycle bins as the focus of 
research, then micro controllers to the sensors used will be 
explained in this section. After that, we will discuss in general 
the software used in this study. Meanwhile, the connectivity 
used is the Internet with the help of Wi-Fi for communication 

from the trash or other available network to monitor. The 
ultrasonic sensor used is the HC-SR04 type. This sensor is 
used to detect the distance of objects placed in the trash. This 
distance determination uses the reflection time to find out how 
far the sensor is from the reflecting object. There are two 
sensors placed in the trash. First, the sensor is used to find 
out whether the trash in the trash is full or not by knowing the 
distance, we can find out the volume of the waste. Second, 
sensors are used to detect human distance, so that when 
humans are close to the recycle bin, the recycle bin will open 
automatically. This feature is important for current conditions, 
to minimize the touch of objects that may contain many 
microorganisms that can harm the human body. The load cell 
or load sensor used to weigh the load in this study is also used 
to weigh a load of garbage contained in the trash so that the 
weight of the waste can be monitored at a certain time, 
wherein this study the weight of the waste can be seen in real-
time, the data is communicated via the internet. Loadcell 
requires an amplifier module to convert analog signals to 
digital signals. Therefore, the HX711 module is used. This 
module is a high-precision loadcell voltage amplifier for 24-bit 
analog to digital conversion. A servo motor is a motor with a 
closed feedback system where the position of the motor will be 
informed back to the control circuit in the servo motor. This 
motor consists of a motor, a series of gears, a potentiometer, 
and a control circuit. The servo motor is used to perform the 
action of opening and closing the tongue of the trash 
automatically. It is impossible for the whole hardware to run 
without power supplied from outside. Therefore, in this study, 
we use a power supply to provide electrical energy for all the 
hardware in the recycle bin that is made. Buzzers are 
electronic components that convert electrical vibrations into 
sound vibrations. The buzzer is used in this study to give a 
sound to humans that the trash system is taking action such 
as opening or closing the tongue of the recycle bin. The micro 
control device used for this study was the Nodemcu ESP8266. 
ESP8266 is a Wi-Fi connectivity module and also a 
microcontroller. Nodemcu will be placed in the trash, therefore 
the communication connectivity from or to the trash uses Wi-Fi 
as previously mentioned. The software used to provide a 
program for the trash that will be controlled by the Nodemcu 
ESP8266 microcontroller using the Arduino IDE software. 
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Providing programs ranging from how ultrasonic sensors to 
find out the volume of waste, or the distance between humans 
and the recycle bin as well as load cell sensors to measure the 
weight of the trash in the trash, controlling the servo motor to 
open the lid of the recycle bin, push buttons to make special 
openings, buzzers to make a sound, and more. This research 
also presents a real-time monitoring web of the recycle bin. 
The web provides vital information such as the volume and 
weight of trash in bins at certain locations. The site is built on 
the PHP programming language. The research will 
communicate the recycle bin as Remote Terminal Unit (RTU) 
with a monitoring center via cloud internet. Each RTU will 
connect to the internet using WiFi media around the RTU. The 
data generated by the sensors installed on the RTU will be 
sent to the cloud database which can then be displayed on the 
monitoring center's web. The system created in this study 
involves software design and hardware design. The system 
block diagram built in this study can be seen in Figure 1. 
 

 
Fig. 1. Overall system block diagram. 

 
When design software for the RTU, there is a function of 
reading input data from the sensor, processing the data into 
output in the form of data. The data is then sent to the 
database. In addition, the output can be a sound like a buzzer 
and become a motion like a servo motor. Figure 2 shown the 
block diagram of RTU. 

 
Fig. 2. RTU block diagram. 

 
The RTU block diagram consists of inputs, processors and 
outputs. The RTU has an input consisting of HC-SR04 sensor 
input data and loadcell sensors. Nodemcu ESP8266 is used 
as an I/O driver. The output is to adjust the servo motor and 
buzzer to work according to the planned system. To explain 
the work sequences of the RTU block diagram, see the flow 
diagram in Figure 3. 
 

 

 
Fig. 3. RTU flow chart. 

 
The design of this software is to support the system that has 
been installed in the RTU which functions to map data from 
the RTU. The monitoring system works to receive data, store 
data, and process data into data that will be displayed on the 
monitoring web page. The flow diagram of the software design 
for the monitoring system can be seen in Figure 4. 
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Fig. 4. Monitoring system flow chart. 

 
Based on Figure 4 above, it can be seen that the process 
starts from the system reading the data sent by the RTU, if 
there is incoming data it will be saved to the database, then if 
not it will go to the web page. Furthermore, if the system reads 
data volume of more than set point, the system will display a 
notification in the form of full garbage writing on the web page. 
The data from the database will then be retrieved and 
displayed on a web page. The overall electrical circuit 
connects Nodemcu ESP8266 with two HCSR-04 ultrasonic 
sensor units, servo motor, push button, HX711 module and 
buzzer. The circuit is connected via jumper wires and soldered 
leads. There are two units of ultrasonic sensors used in the 
system which have the same principle to measure distance. 
The first HC-SR04 sensor can be called an object detection 
sensor, while the second HC-SR04 sensor can be called a 
volume meter. Object detection sensors are used to detect 
people who are going to throw garbage. This sensor is set with 
a distance of 10 cm from the sensor to the human. The trigger 
pin of the HC-SR04 sensor is connected to pin D1 Nodemcu 
ESP8266, the echo pin of the HC-SR04 sensor is connected 
to pin D0 while the VCC pin of the ultrasonic sensor is 
connected to a 5 vdc voltage of the power supply and the 
ground of the ultrasonic sensor is connected to the ground 
power supply. The volume sensor is used to measure the 
volume of waste. The trigger pin is connected to pin D7 
Nodemcu ESP8266, the echo pin is connected to pin D8, 
while the HC-SR04 sensor VCC pin is connected to the 5VDC 
voltage from the power supply and ground is connected to the 
ground power supply. This sensor has the same working 
principle as the first HCSR04 sensor, which is to determine the 
distance from the sensor to the object. Nodemcu ESP8266 
interconnection with ultrasonic sensor and servo motor is used 
for the bin opening and closing system. With the servo motor 
output pin connected to pin D3 Nodemcu esp8266 while the 
VCC servo motor is connected to 5 vdc from the power supply 
and the servo motor ground is connected to the power supply 
ground. The servo motor will work to open the lid of the trash 
when the HCSR04 sensor detects an object distance of less 
than 10 cm. As long as the object distance is still less than 10 
cm, the servo motor still opens the lid of the recycle bin. But 
after the distance is more than 10 cm, the servo motor will 
close the lid of the trash. The overall electrical system used in 
the RTU can be seen in Fig. 5. 
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Fig. 5. Overall electrical system. 

 
The mechanical system design is made to determine the open 
and close system of the trash, to adjust the installation of 
sensors and the installation of the system box. In brief, the 
design of the recycle bin lid opening system aims to design 
how the recycle bin lid can open and close without having to 
touch it. After being designed, the sensors used in this 
prototype are then installed according to the design and 
installation of the system box where the electrical circuit is 
placed. After designing how the recycle bin lid opens and 
closes, a servo motor can be installed as a driver connected to 
the recycle bin lid. 

 
3 RESULT AND DISCUSSION 
This study involved the RTU system with a central data 
monitoring system. In this section, the results of the tests 
carried out in this study will be presented and discussed, 
starting from showing the results of making a recycle bin that 
acts as an RTU to the results of entering data in a waste 
management center on the internet. Figure 6 is the recycle bin 
that is used as an RTU in this research. The RTU consists of a 
recycle bin that is added to the system box, the actuator 
system box and the garbage lid opening lever is installed 
behind the recycle bin. The system box consists of a power 
supply, Nodemcu ESP8266, push button, HX711 module 
assembled on a PCB. Meanwhile, the actuator system box 
contains a servo motor and a buzzer. The recycle bin lid 
release lever is installed to connect the servo motor to the 
recycle bin cover. 
 

 
Fig. 6. Recycle bin as RTU design product. 

 
The HC-SR04 ultrasonic sensor, which is used to measure 
volume, is attached to the lid of the recycle bin on the inside. 
This is because the sensor measures the volume of waste that 
is disposed of. The results can be seen in Figure 7. 
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Fig. 7. HC-SR04 placement for measuring volume. 

 
In Figure 8 the HC-SR04 ultrasonic sensor which is used to 
detect objects is mounted on the front of the trash, which is 
near the lid of the trash by pointing forward. This aims to make 
it easier for people who will throw garbage by simply pointing 
their hands in front of the sensor. 
 

 
Fig. 8. HC-SR04 placement for measuring people distance. 

 
The HC-SR04 ultrasonic sensor test was conducted to 
determine the percentage deviation of the measurements 
made by the HC-SR04 ultrasonic sensor. The measured 
parameter is the distance in centimeters (cm). The HC-SR04 
ultrasonic sensor test is done by placing an object facing the 
ultrasonic sensor. In this test, a ruler is placed parallel to the 
object used as a reference for distance. The object distance is 
then compared with the sensor readings. 
 

TABLE 1 
TEST RESULTS OF HC-SR04 SENSOR ON RTU SYSTEM FOR 

MEASURING DISTANCE 

No Distance % Error

1 5 cm 0%

2 10 cm 2%

3 20 cm 2%  
 
Based on the above test that shown in Table 1, it is found that 
the average measurement error is 1.33% which proves that 
this measurement system is accurate and can be applied 
properly. This test is carried out to test the success of the 
buzzer in providing a sign that the HC-SR04 distance detector 
ultrasonic sensor has detected a distance of less than 10 cm. 
Test data can be seen in Table 2 below. 
 

TABLE 2 
TEST RESULTS OF HC-SR04 SENSOR FOR TRIGGERING BUZZER 

ON RTU SYSTEM 

Refence Test

1 7 On On

2 8 On On

3 9 On On

4 10 Off Off

5 11 Off Off

No
Distance 

(cm)

Buzzer

 
 
The test in Table 2 was carried out five times with different 
distances ranging from 7 cm to 11 cm. The buzzer will sound 
when the ultrasonic sensor detects an object's distance below 
10 cm. Meanwhile, if the read distance is more than 9 cm, the 
buzzer will not sound. The load cell sensor which is used to 
measure the weight of waste is installed inside the recycle bin 
on the inside. The installation is done by connecting the 
loadcell to the acrylic which functions as the base for the 
recycle bin with a bolt nut system. While the load cell cable is 
connected to the system box by perforating the back side in 
the trash. The results of the load cell sensor installation can be 
shown in Figure 9. 
 

 
Fig. 9. Load cell sensor placement for measuring waste 

weight. 
 
The weight measurement test is done by measuring the 
weight of the object that is placed on the load cell sensor. 
These objects are objects that already have a weight value 
and have been weighed on digital scales. So, this object can 
be used as a reference for comparing the weight reading on 
the sensor. The results of several types of weight and several 
test repetitions can be seen in Table 3. 

 
TABLE 3 

TEST RESULTS OF LOAD CELL SENSOR ON RTU SYSTEM 

No Weight % Error

1 0,2 kg 5%

2 0,5 kg 5,2%

3 1 kg 1,8%  
 
Based on Table 3, it is found that the average error results 
from weight measurements made by the load cell installed in 
the RTU system are 4%. Based on these results, it is said that 
the load cell is still accurate in providing information on the 
weight of waste contained in the RTU system. This test was 
conducted to find out how successful the HC-SR04 ultrasonic 
sensor was in detecting people who were going to throw 
garbage. This sensor output is used as input to the open-close 
system. When the sensor detects a someone or person 
distance is less than 10 cm, the buzzer and servo motor are 
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set to activate. However, when the waste volume exceeds the 
set point, which in our test we set the value to 6000 cm3, the 
buzzer and servo motor are set to be inactive. The test data 
can be seen in Table 4. 
 

TABLE 4 
TEST RESULTS OF AUTOMATION ON RTU SYSTEM 

Distance

 (cm) 

Volume

(/1000cm
3
)

Weight

(kg)
Reference Test Reference Test

1 9 0 0 OFF OFF ON ON

2 9 1 1 OFF OFF ON ON

3 9 2 2 OFF OFF ON ON

4 9 3 3 OFF OFF ON ON

5 9 4 4 OFF OFF ON ON

6 9 5 5 OFF OFF ON ON

7 9 6 5 ON ON ON ON

8 10 7 5 OFF OFF OFF OFF

9 9 7 4 OFF OFF OFF OFF

10 9 7 3 OFF OFF ON ON

Servo motor

No

Sensor Test Buzzer

 
 
From the test results as shown in Table 4, it shows that the 
open-close system in this system has been successful, the 
buzzer as a marker for waste is full has also succeeded in 
working according to its function. The indicator is by 
comparing the standard value with the test results. In the table 
the test results are in accordance with the standards. Figure 
10 shows the successful delivery of sensor data from 
Nodemcu ESP8266 to the database. To display the database 
page, you can open CPanel on the webhost. The test is done 
by comparing the values read on the Arduino IDE monitor 
serial as a reference with the tables in the database. The data 
seen are the load cell sensor reading weight data of 1.35 kg 
and the volume data of the HC-SR04 ultrasonic sensor 
readings of 7000 cm

3
. 

 

 
Fig. 10. Data sending from RTU to monitoring server. 

 
Figure 11 shows that the sending of sensor data to the web 
has been successfully carried out. The test is done by 
comparing the values read on the Arduino IDE monitor series 
as a reference with the table on the monitoring page. The data 
seen are the load cell sensor reading weight data of 1.94 kg 
and the volume data of the HC-SR04 ultrasonic sensor 
readings of 8000 cm

3
. 

 

 
Fig. 11. Data sending from RTU and display on monitoring 

webpage in real-time. 

 
4 CONCLUSIONS 
This research has produced a system that can make it easier 
to monitor waste in public recycle bins by monitoring it online 
and in real-time. With this system it can reduce waste 
accumulation time and touchless system for throwing trash 
into the recycle bin. This research also produces a hygienic 
recycle bin system with an automatic open-close system. The 
test results in this study be follows: 
1. The test results on the HC-SR04 ultrasonic sensor which 

is used to detect objects and measure the volume of 
waste have a sensor reading deviation of 1.33%. 

2. The results of load testing by load cell sensors can be said 
to be good and can be used in this system with a sensor 
reading deviation of 4%. 

3. The system for opening and closing the recycle bin and 
the buzzer as a sign that the recycle bin is full also works 
well according to the planned system standards. 

4. The sending of sensor data from the Nodemcu ESP8266 
to the database has also been successful. The data 
displayed by the web has also been successfully 
displayed in accordance with the sensor data sent to the 
database. 
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