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Abstract—Most waste container lids still have to be manual 

and semi-manual to open and close the waste container's 

cover, so it reduces user convenience. Besides that, the 

unavailability of a control system for remotely detecting the 

fullness of the garbage container makes it difficult for 

cleaners to know whether the contents of the waste 

container are full or not. It means that it is necessary to 

build a control system that can automatically open and close 

the lid of the waste container and can detect the fullness of 

the waste container. Therefore, this study aims to conduct 

research and development (R&D) of an Internet of Things 

(IoT) control system to automatically open and close the lid 

of trash containers and detect the fullness of garbage in 

trash containers. This research method is a combination of 

experimental and survey methods. The research results 

show that the waste container control system effectively 

opens and closes the lid of the garbage container at a 

distance of about 40 cm between the distance ultrasonic 

sensor of garbage containers and users. In addition, the 

garbage janitor can monitor the level of garbage that is 

filled in the garbage container correctly through the website 

and telegram on his cell phone, and users of trash containers 

are more comfortable disposing of garbage. 
 

Index Terms—internet of things, garbage container, 

microcontroller, IoT-based, control system 

 

I. INTRODUCTION 

The garbage disposal container serves to provide a 

special place for everyone to dispose of garbage. 

Providing a receptacle for garbage disposal can maintain 

the beauty and cleanliness of the environment because the 

waste is not scattered everywhere. However, garbage is a 

major problem in cities with piles of garbage in the open 

due to failure to manage waste containers [1]. Improper 

waste management creates health problems and 

environmental pollution [2]. That is why overcoming the 

waste problem is urgent and crucial at this time [3]. The 

provision of adequate waste containers is one way that 

can prevent scattered trash. Generally, waste containers 

have a lid that is useful for avoiding odors from coming 

out of the garbage. Unfortunately, most trash containers 

are still manual to open and close the cover of the trash 

container when the user wants to throw the trash into the 

trash container. Indeed, some other garbage containers 

already   have  pedals  to  open  the  lid   of   the  garbage  
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container by stepping on or pressing the pedal to open the 

cover of the garbage container  when  disposing  of  

garbage, but it is still semi-manual. In other words, it is 

necessary to develop a trash can  lid  that  can  

automatically  open  the  cover  to  increase  the  

practicality  and convenience of users throwing garbage 

into the trash without pressing the pedal to disclose the 

trash can lid.  

Besides that, as stated by previous researchers, the 

problem that arises in waste management is that no 

scheduling system can regulate cleaning workers to clean 

the trash when the trash in the container is full [4]. It 

means that the janitor does not know when the trash can 

is full [4]. Thus, it is also essential to know which bins 

are full of garbage so that the cleaners can immediately 

dispose of the waste at a garbage collection point (or 

incinerator or trash crusher, or trash recycling bin). In 

essence, emptying waste containers, especially those in 

public places such as stations, markets, and hospitals, 

needs to be done on time and disposed of at a garbage 

collection point. The timely transportation process is one 

way to help overcome the problem of garbage 

accumulation in garbage containers. Proper monitoring 

system mechanisms are necessary to support waste 

management [3]. In general, garbage janitors transport 

wastes based on a predetermined schedule [2]. So that 

when the garbage container is full, and at that time, it is 

not the time (not the schedule) for the garbage janitor to 

clean the garbage, then everyone's garbage disposal is no 

longer thrown in the garbage container [2]. In other 

words, delay in emptying trash containers that are already 

full of garbage in public places can disrupt the comfort 

and order of the community in disposing of waste in the 

waste container. However, if the garbage container janitor 

still has to check one by one which garbage containers are 

full of trash, this, of course, takes time to review and is 

inefficient. It means that it is necessary to develop a 

system to detect every full garbage container. Garbage 

bins based on intelligent applications and IoT provide 

factual time information for monitoring waste cleaners 

[5] [6]. Therefore it is not surprising that the researchers 

suggested the need for smart applications in waste 

management and IoT to overcome the waste problem [2]. 

The most effective method for preventing environmental 

problems in waste management is to utilize IoT 

technology and intelligent application systems [7]. 
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In addition, the latest study recommends the realization 

of an intelligent waste management system for collecting 

waste in its place and timely disposal of waste in 

containers [8]. Therefore, the main objective of this 

research is to research and develop an IoT-based 

intelligent waste container using the microcontroller. The 

IoT-based smart waste container from the results of this 

study is very helpful in: The lid of the garbage container 

will automatically open and close when someone is going 

to throw out the trash; Provide a warning via Telegram on 

the mobile phone of the waste cleaning worker when the 

trash in the waste container is full; Provide a real-time 

graphic indicator of the level of fullness of the waste 

content in each waste container via the Web so that the 

cleaners know the speed of the fullness of the waste 

content of each trash container which must be first to be 

paid attention; and Provide convenience for everyone in 

terms of disposing of waste by automatically opening and 

closing the waste container. 

The following is a brief literature review of several 

scientific works related to this research article. Ryan T 

O'Connor, Dorothea C Lerman, and Jennifer N Fritz 

(2010) examined the effect of the location of the trash 

container on the attitude of students, staff, and guests in 

disposing of waste in public universities [9]. Previous 

research did not build a system to open and close the 

garbage container automatically and also did not detect 

the level of waste content in the garbage container. In 

contrast to the research in this article, building a control 

system to control the opening and closing of the garbage 

automatically opens when someone is about to take out 

the trash and closes the lid when someone finishes taking 

out the trash. In addition, the research in this article is 

based on IoT, when the garbage container is full, the 

sensor in the garbage container will inform via the 

internet to the control system that the garbage container 

is full.  Arsa Priyo Rahardjo, Suraidi, and Hadian Satria 

Utama (2017) developed a sensor to open the lid of the 

garbage container automatically and provide a light 

indicator when the trash container is full [10]. This 

previous research has similarities with the research in this 

article in developing waste container controllers. The 

difference is that the previous studies did not build a 

remote control to ensure the full trash can. In contrast, the 

article in this study has a remote control or IoT-based to 

detect that the garbage container is full. In other words, 

the advantage of the research in this article is that the 

janitor does not need to check to location whether the 

trash container is full or not. Instead, the janitor will 

receive a notification on his cell phone when the trash 

container is full. Fady E. F. Samann (2017) built a smart 

waste container that can give a warning when the trash 

can is full of garbage [11].  In contrast, the study of this 

article provided a warning notification of the fullness 

level of the waste container via Telegram and website. 

Furthermore, the previous research did not conduct a trial 

implementing smart waste containers built for users of 

garbage containers and the effect of garbage containers 

built for garbage container cleaners; Meanwhile, this 

research article pilots the implementation of smart waste 

containers which were built to assess the level of comfort 

and changes in user compliance in disposing of waste in 

smart waste containers and the effect of smart waste 

containers on garbage container cleaners. In addition, the 

study in this article also has automation to open the lid of 

the garbage container when someone is going to throw 

out the garbage, which was not in the previous research. 

Sandeep M. Chaware (2017) offered an IoT based system 

to monitor the fullness of trash cans and inform the time 

for garbage collection vehicles to collect garbage [12]. 

Previous research is different from the research in this 

article, in previous studies developing a system design 

project to collect waste on time, while the research in this 

article not only informs when waste collection is carried 

out, but also focuses on developing smart waste 

containers that can automatically open garbage 

containers. when someone takes out the trash and closes 

the trash receptacle when someone has finished taking 

out the trash. In addition, the research in this article has a 

different research method from the previous 

research.Theodoros Anagnostopoulos et al. (2017) 

presented the strengths and weaknesses of various ICT-

based waste management models [13]. This previous 

study conducted a survey (review) of various earlier 

studies so that the research method was a literature study 

method. In contrast to the research in this article, 

conducting experimental research to build IoT-based 

smart waste containers and conducting field trials of 

smart waste containers developed on waste container 

users and garbage container cleaners to see the effect 

through surveys.  Kellow Pardini et al. (2018) reviewed 

the possibilities of automation of waste management 

using IoT technology [6]. This previous research and the 

research in this article both paid attention to the problem 

of waste management. However, the difference is: the 

previous research was only a survey research to solve the 

problem of waste management; meanwhile, the research 

in this article combines experimental and survey methods 

to research and develop IoT-based smart waste 

containers. In other words, previous research did not 

build an intelligent waste container control system as 

research in this article except only analyzed the 

possibility of using IoT technology to automate waste 

management. Behzad Esmaeilian et al. (2018) showed 

some examples of electronic waste control efforts to offer 

the suitability of implementing sensor-based intelligent 

waste management systems [5]. However, the previous 

research is a literature study, while the research in this 

article is an experimental and survey research.  

In the mean time, Pujari Y. M. and Patil S. S. (2018) 

suggested methodologies and systems monitor trash 

containers and warn departments regarding the actions 

that need to be taken on waste in the trash [14]. The main 

focus of previous research was to introduce 

environmental hygiene with an easy-to-realize waste 

management and monitoring system. The difference 

between the research in this article and previous research 

is that the research in this article is a research that does 

not suggest a waste management and monitoring system 

as in the previous research, but rather builds an intelligent 

application system and hardware controller for IoT-based 

waste container management.  

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Connor%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=21541154
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TABLE I. COMPARISON OF THIS ARTICLE'S WORK WITH PREVIOUS RELATED WORKS 

Research by Research 
method 

Build Control 
System 

Microcontroller 
type 

Build 
Apps 

Field 
trial 

trash 

system 

Description 

IoT Trash 

Lid Bin 

Ryan T O'Connor et al. 
(2010) [9] 

Observation No No No  None No No It does not build an automatic system for 
opening and closing the garbage container lid 

and also does not detect the fill level in the 
garbage container 

Arsa Priyo Rahardjo et 

al. (2017)[10] 

Experiment No Yes Yes  Arduino Uno R3  

(ATMega328P) 

Yes No Automatically opens the lid of the container 

and gives a light indicator when the bin is full 

and not IoT based 

Fady E. F. Samann (2017) 

[11] 

Experiment No No Yes Arduino Nano R3 

(ATmega328) 

Yes No This article built a smart waste container that 

can give a warning when the trash can is full 

of garbage 

Sandeep M. Chaware et al. 

(2017) [12] 

System design Yes No Yes Arduino ESP 

8266 

No No Propose a system to detect time for IoT based 

garbage collection. 

Theodoros  

Anagnostopoulos et al. 
(2017) [13] 

Survey No No No None None No No A literature study to describe the strengths 

and weaknesses of various ICT-based waste 
management models 

Kellow Pardini et al. 

(2018) [6]   

Survey No No No None None No No This article reviewed the possibilities of 

automation of waste management using IoT 

technology 

Behzad Esmaeilian et al. 

(2018) [5] 

 Review No No No None None No No This article focuses on a literature review to 

address environmental problems and waste 

management.. 

Pujari Y. M. and Patil S. 
S. (2018) [14] 

System design No No No None None No No This article suggests a waste container 
monitoring methodology and system 

Teoh Ji Sheng et al. (2020) 

[15] 

Experiment Yes No Yes  Arduino Uno No No This article realized a waste management 

system with LoRa communication protocol 
based on TensorFlow model. 

Our research Experiment   

and Survey 

Yes Yes Yes NodeMCU 

ESP32 

Yes Yes Our research builds smart system to 

automatically open and close waste bin lids 
and control IoT based waste container content 

levels. The hardware and applications used 

are designs built by researchers. Researchers 
also conducted field trials on the smart waste 

container system that was developed.. 

 

Teoh Ji Sheng et al. (2020) offered embodiment of 

waste management system. However, this previous study 

used the LoRa communication protocol and TensorFlow 

object detection in building a waste management system 

[15]. In contrast to the research in this article, the 

NodeMCU ESP32 controller and ultrasonic sensor 

devices as well as the PHP and C programming 

languages, are used in building a waste container 

management system. Another difference between this 

article and the previous research is: the article in this 

study conducted a trial on smart waste containers that 

had been built which were not carried out by previous 

studies. 

IoT is a future communication technology equipped 

with microcontrollers and other communication 

protocols [16]. In essence, various supporting devices 

accompany the IoT era, such as Arduino controller 

devices for monitoring and controlling other equipment 

[13]. IoT supports the realization of various intelligent 

application systems in multiple fields, including health, 

education, transportation, and the environment 

[17][18][19]. Besides that, the power of IoT is that it 

allows the merging of various technologies to create 

dynamic and efficient models [20], including 

collaboration with intelligent waste management 

applications. So it is no longer a secret nowadays; smart 

applications and IoT have become very dominant 

solutions to address the needs of managing 

environmental problems, such as controlling the waste 

problem [21]. One of the environmental problems in most 

cities today is related to the problem of waste collection 

and waste disposal [11]. Therefore, the waste 

management system needs to be replaced with an 

intelligent system [22] and an IoT-based controller. 

Essentially, developing intelligent application systems 

and IoT is essential to overcome the garbage problem 

[23]. Maybe that is why previous researchers suggested 

conducting further research on waste disposal containers 

and landfills (O'connor, Lerman, & Fritz, 2010). Because 

in essence, sensor implementation on trash bins in 

collaboration with IoT technology allows real-time 

control and provides efficient results [24]. Although,  

previous research confirms, failures occurred to control 

the waste disposal containers available at various 

locations (O'connor et al., 2010). Therefore, researching 

and developing a control system for the waste disposal 

containers available at multiple locations is vital, and this 

research provides a solution to realize. 

A review of several related works shows that this 

research is different from previous studies (as shown in 

Table 1); especially in terms of the method used is a 

combination of experimental and survey methods. 

Likewise, this study conducted a field trial on smart waste 

containers that were developed which were not carried 

out in previous studies. Another novelty of this research is 

the application program and electronic circuits along with 

other supporting devices that are built according to the 
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needs of this research. The application program built in 

this study uses the PHP and C programming languages. 

A review of several related works shows that this 

research is different from previous studies (see Table 1); 

especially in terms of the method used is a combination 

of experimental and survey methods. Likewise, this 

study conducted a field trial on smart waste containers 

that were developed which were not carried out in 

previous studies. Another novelty of this research is the 

application program and electronic circuits along with 

other supporting devices that are built according to the 

needs of this research. The application program built in 

this study uses the PHP and C programming languages. 

The rest of this paper's writing organization is as 

follows: The second subsection discusses Research 

Methodology. The third sub-section describes the 

implementation of the research results and then ends 

with a conclusion sub-section that explains the findings 

obtained from the research, including suggestions for 

further investigation. 

 

II. METHODOLOGY 

The method of this research is a combination of 

experimental and survey methods. The garbage 

container control system in this research had an 

intelligent application that is built using the 

programming languages so that the garbage container 

cleaning officer, via his cellphone or personal 

computer, can track (know) which garbage containers 

are full of garbage. There are various computer 

programming languages [26], each of which has 

advantages in developing the desired application 

program [27] [28]. This study uses the PHP and C 

programming languages to create intelligent application 

programs. The PHP programming language plays a role 

in realizing Web-based application programs [29]. 

Meanwhile, the C programming language plays a role 

in programming the NodeMCU ESP32 with Arduino 

software IDE to function as a controller for other 

hardware work, such as sensors and servo motors. The 

NodeMCU ESP32 microcontroller has a role to control 

ultrasonic sensors, servo motors, and Wi-Fi in the 

process of opening or closing the trash can and 

detecting the level of garbage filling from the trash can. 

NodeMCU ESP32 is an Integrated Circuit (IC) chip 

equipped with Wi-Fi and Bluetooth functions. This 

study uses the survey method to collect quantitative 

data in the form of ordinal data. The number of survey 

sample data was 100 respondents who were randomly 

selected from the existing population. The survey was 

conducted to test the level of comfort and changes in 

the obedience of users (garbage disposal actors) in 

disposing of waste in the intelligent waste container 

built in this study. 

 
III. RESULT AND DISCUSSION  

A. Hardware and Design 

The hardware realization is done by building a 

hardware block diagram and designing the hardware 

circuit board schematic according to the work flow of 

the desired waste container control system. The Block 

diagram and schematic of the hardware circuit board of 

this research are as shown in Figures 1 and 2. 

 

 
Figure 1.  Electronic hardware block diagram 

 
Figure 2. Hardware circuit board schematic 

The workings of the system hardware that is built are 

as follows: The cellular phone of the garbage container 

janitor, via the internet network, obtains information from 

the waste container application system, which has been 

programmed in the NodeMCU ESP32 microcontroller 

when the garbage container is completely filled with 

garbage. The garbage container is mechanically and 

electronically connected to a microcontroller engine, 

servo motor, and ultrasonic sensor. The ultrasonic sensor 

detects an object (everyone who will throw garbage). It 

sends the results of the object detection to the NodeMCU 

ESP32 controller. Then the controller sends instructions 

to the servo motor (moving the servo motor) to open the 

trash container and issue a sound notification via 

ISD1820 

Table 2 shows the flow diagram of the working 

process of the garbage container. When there are objects 

or people who approach the garbage container, the 

ultrasonic sensor in the garbage container will detect the 

object. With the thing detected by the sensor, the 

microcontroller will move the motor, and the motor 

movement will open the garbage cover. The trash cover 

will close five seconds later after the object is no longer 

detected. When someone throws trash, a notification 

appears in the form of a thank-you voice for throwing 

trash in the trash container. Then the microcontroller 

connected to the internet using Wi-Fi will send the 

percentage level of the waste content (via Telegram) in 

the garbage container and send the status of the contents  



Journal of Advances in Information Technology Vol. xx, No. x, xxxxx 2022 

© 2022 J. Adv. Inf. Technol. xxx 

 

 

TABLE II. FLOW DIAGRAM OF THE WORKING PROCESS OF THE GARBAGE CONTAINER 
Sensor  NodeMCU ESP32 Trash receptacle User 

     

 

of the garbage in the trash container in the form of a bar 

graph (via the website). In addition, at every certain 

periodic interval, the program on the microcontroller 

will send instructions to the voice recorder module to 

provide a sound notification of the recommendation to 

dispose of garbage in the garbage container. 

B. Waste Container Performance Test and Field Trial 

Figure 3 shows a front view of a prototype intelligent 

waste container. The ultrasonic sensor installed on the 

front side of the top of the garbage container serves to 

detect the presence or absence of human objects in front 

of the garbage container. Likewise, on the inside of the 

waste container cover, an ultrasonic sensor is mounted 

on the center side of the container lid to detect the waste 

content level in the garbage container. If the level of 

waste in the trash container is below 5%, a notification 

of the trash bin condition is still less than 5% filled. 

Meanwhile, if the trash content level in the trash 

container is above 90%, there will be a tone notification 

and a message that the trash container is full. 

 

 

Figure 3.  Prototype smart waste container built in research 

 

The test results of the built automatic garbage 

container control system show: The ultrasonic sensor 

installed in the garbage container successfully detects a 

human object with a distance of 40 cm from the sensor 

distance from the garbage container. The servo motor 

automatically works well to open the lid of the garbage 

container when the sensor has detected a human object 

near the garbage container. The garbage container cover 

will remain open as long as the human thing is still within 

the detection distance of the garbage container sensor. 

Cell phones and computers have succeeded in monitoring 

the percentage level of waste content in garbage 

containers via Telegram. Likewise, through a cellular 

phone or computer, it is possible to monitor the level of 

waste containers in the form of a bar graph via a website. 

Garbage bins also work by design in emitting a sound at 

intervals of every five minutes to prompt everyone to 

throw trash in the trash can. 

The trial of implementing (field trial) an IoT-based 

smart waste collection system in a private university (for 

one month) in Indonesia shows: most students feel more 

comfortable throwing garbage and most students are more 

obedient in throwing garbage into smart waste containers. 

(see Figure 4 and Figure 5). The student's convenience in 

disposing of garbage in garbage containers with lids that 

have to be opened manually is only 14%. However, by 

replacing the garbage containers with garbage container 

covers that can open and close the garbage container 

automatically, the convenience of students in disposing of 

garbage in the trash can on-site waste increased to 100% 

(see figure 4).  
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Disposing of Garbage in Smart Waste Containers 

Student compliance in disposing of garbage in 

garbage containers with lids for garbage containers that 
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must be opened manually is only 31%, but after the 

garbage containers are replaced with garbage container 

covers that can open and close the garbage container 

automatically, student compliance in disposing of 

garbage in garbage containers increases to 56.5% (see 

figure 5). In addition, the trial of applying an intelligent 

automatic waste control system in opening and closing 

the garbage lid satisfied a garbage container cleaning 

worker. As a result, the garbage container cleaning 

workers no longer need to continuously control the 

fullness of the garbage containers at the trash location 

but can monitor the percentage level of waste content in 

garbage containers via Telegram. 
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Figure 5.  Students' Perceptions of Changes in Compliance Level for 
Disposing of Garbage in Smart Waste Containers 

 

IV. CONCLUSION 

This research concludes that NodeMCU ESP32 

Microcontroller helps realize IoT-based automated 

intelligent waste control system. The intelligent 

automatic garbage control system in opening and 

closing the garbage lid makes it more convenient for 

many parties. Furthermore, it improves compliance with 

disposing of waste in the garbage container. Again, the 

IoT-based waste container control system can help 

waste disposal workers determine the level of waste 

content in trash containers below 5% and above 90%. In 

other words, garbage cleaning workers can immediately 

clean up trash containers already full of garbage. 

This study conducts research that has never been done 

by previous researchers in researching and developing a 

smart garbage container system by combining 

experimental and survey research methods, based on IoT 

using the NodeMCU ESP32 microcontroller. The 

novelty of the research in this article in conducting trials 

in the use of smart waste containers reveals a significant 

increase in user comfort and compliance in disposing of 

waste in waste containers. The results of the smart 

garbage container trial also show job satisfaction for 

garbage container cleaning workers because garbage 

container cleaning workers no longer need to check 

whether the garbage is full or not, but can be monitored 

via cellphone which trash containers need to be cleaned.  

This study has shortcomings in terms of not being 

able to distinguish and no notification of different 

messages on organic and inorganic waste; therefore, 

further study needs to be developed to correct the 

shortcomings of the results of this study. Besides that, 

the waste container that is the model in this research is 

only a prototype without paying attention to the size of 

the garbage container, the harmonious appearance, 

production costs and hardware durability of the waste 

container, which should be a concern in further research.  
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