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Abstract– One of the critical responsibilities in ensuring a clean and 
pollution-free society is maintaining garbage disposal. Damage to the 
environment and human health results from improper garbage maintenance 
and disposal. However, it can be seen that garbage bins in several places 
including cities are left to overflow on streets. With the development of 
IoT, this scenario can be improved by providing screening of the status of 
trash bins. A Bin Level Monitoring Unit (BLMU) consists of the end 
sensor with the bin. The filled status of the garbage bin is detected and sent 
to a Wireless Access Point Unit (WAPU). The ZIGBEE devices are used 
to communicate each local device to a master IoT device which is placed in 
each area. This helps connect multiple devices to connect to a network and 
access the IoT module. The bin is accessed by the public and municipality 
by their RFID tags. There is an automatic locking system in case of the bin 
is full or is detected with poisonous gas. The bin can then be opened only by 
the municipality with their tag. 
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I. INTRODUCTION 
Municipal waste is a major source of pollution that is affecting the health of people, 
particularly in urban areas. However, waste generation is unavoidable in society. Real-time 
monitoring of trash cans in urban areas can be made possible by technological 
advancements in sensor design, communication protocols, and remote monitoring 
techniques[1]. The Internet of Things (IoT) consists of various types of components that are 
connected over the web. These components can be sensors, processors, and communication 
devices that collect the data required and send them to the cloud for analysis by utilizing a 
gateway. IoT is majorly applied to smart automation systems like home automation 
systems[2][17]. A smart garbage monitoring system can be established through IoT that 
shares the status of the garbage bins with the municipality. This will help them to dispose 
of garbage in a much more efficient and simple way. The current advancements in 
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technology make it possible to track the locations of those bins that are full. The amount of 
garbage filled will help the municipality to map a route for garbage trucks, which is much 
more efficient than the current periodic system. The waste disposed of can be of many types 
like chemical, medical, or industrial which may in certain cases emit harmful gases[3][12-
14]. To prevent people from coming in contact with these gases, a gas sensor is used to 
detect and lock the bin. The municipality will also be notified and can come to collect the 
garbage with the necessary precautions. 

II. LITERATURE SURVEY 
IoT-Enabled Smart Waste Bin Management System and Efficient Route Selection was 
proposed. Internet of things (IoT) is an emerging technology that offers promising solutions 
to modernize the traditional systems. It accords promising result in crystallizing smart 
cities, smart homes, smart industries, and smart environment. This article presents the smart 
waste management architecture for smart cities and efficient routing technique considering 
least delay for the architecture [1][13]. In wireless sensor networks, end-to-end delay is one 
of the important Quality of Services (QoS) parameter to overcome delay in data 
communication [10]. In this article, we consider end-to-end delay minimization in smart 
waste management application. The term “end- to-end delay” is defined as the total time 
taken by a single packet to reach the destination node. The proposed scheme considers the 
interference level, the length of the routing path, and the number of  hops along the path. The 
simulation results show that the proposed scheme outperforms current schemes 
Smart garbage management system for a sustainable urban life: Proper waste management 
is one of the major problems for densely populated urban areas. It is getting difficult day by 
day to lead a healthy, sustainable living in urban areas because of environmental 
contamination. Due to the lack of proper waste management approach, problems like 
an overflow of waste occurs that badly harm our environment. Polluted 
surroundings result in the spread of various kinds of diseases in an epidemic form. 
For developed and developing countries, waste management is a challenge to long-
term development [5][15]. Proper management of waste is getting tougher because 
of increasing population, urbanization, and industrialization. In this modern era of 
technology, we need to apply technology-based solutions to handle large amounts of 
waste for overpopulated urban areas [7-8]. We have reviewed several recent 
research articles related to the smart waste management system, and almost all of 
them have some major limitations as well as progress [2][18]. To ensure 
environmental hygiene and sustainable urban life, we have presented a smart IoT 
based integrated system consists of an identification system, an automated lid 
system, a display system, and a communication system. Arduino Uno is used as a 
microcontroller to synchronize all of the four systems. Sensors are used for 
identification   and measuring the garbage level. The system provides the facility of 
continuous monitoring of the status of waste inside the garbage bin and shows the 
percentage filled up on liquid crystal display (LCD). The communication system 
uses a global system for mobile communications (GSM) module that will inform 
the corresponding authority to collect the waste when the garbage bin is filled up. 
Improper disposal of solid waste that impacts human health and pollutes the environment, 
arising a need for successful and necessary collection of waste materials [6]. However, 
most trash bins placed in cities can be seen overflowing due to traditional or inefficient 
waste management approaches. Therefore, a real-time remote monitoring system is needed 
to alert the level of garbage in bins to the relevant authority for immediate waste clearance. 
This paper presents the development and validation of a self-powered, simply connect, IoT 
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solution to monitor the unfilled level of trash bins from a central monitoring station. The end 
sensor nodes of the developed IoT system are called Bin Level Monitoring Unit (BLMU) 
which are installed in every trash bin where the unfilled level needs to be monitored [3][9]. 
Every BLMU measures the unfilled level of the trash bins and transmits it to a wireless 
access point unit (WAPU). Each WAPU receives the unfilled level data from several 
BLMUs and uploads it to the central server for storage and analysis. The waste collection 
authority can view and  analyse the unfilled level of each bin using a smart graphical user 
interface . The following important experiments were carried out to validate the developed 
system: (1) the developed bin level monitoring system was tested by filling a trash bin with 
solid waste at various levels, and the corresponding unfilled level of the trash bin was 
monitored using the smart graphical user interface. (2) The life expectancy of the BLMU 
was evaluated as approximately 434 days. (3) The maximum    transmission distance between 
a BLMU and a WAPU is 119 m. (4) The cost of a developed trash bin is 107 USD. Based on 
the results achieved, the developed trash bins can be suitable for smart cities. 
Domestic waste management is considered as a critical practice that must be followed from 
the time waste is generated until the time it is disposed of. The integration of smart bins in 
the waste management process increases the demands on the waste collection strategy. This 
study looks at how the internet of things (IoT) can be used to improve waste collection 
systems. It contrasts a standard periodic review technique with an IoT-enabled strategy in 
which we assume garbage bins are equipped with smart sensors that provide continuous 
monitoring of the bin’s status [4][11]. A simulation model is developed that is based on two 
modules: the waste generation and the waste management. The Al Rayyan, Qatar region's 
partial data is simulated using various parameter values and scenarios. The simulation is 
validated by taking economic, environmental, and citizen satisfaction performance 
measures into account. The results of the experiments revealed that each collection method 
performed well in a specific situation. In comparison to the periodic review waste 
collection method, the truck travels fewer miles while meeting economic, environmental, 
and public satisfaction goals in the IoT- oriented method [14]. 
Municipal solid waste management remains a major problem in urban areas, leading to 
serious health and environmental    issues. Consequently, trash bins are placed in many 
places to handle the municipal solid waste, but these bins can overflow, spreading around the 
area, polluting the environment, and causing inconvenience to the public. Therefore, there 
is a need for a real-time remote monitoring system [18] that alerts the level of garbage in 
the trash bins to the municipality or a waste management company. To manage the 
municipal solid waste efficiently, this article presents the development and validation of a 
self-powered, LoRaWAN Internet-of- Things (IoT)-enabled trash bin level monitoring 
system. The end nodes of the proposed IoT system are called trash bin level 
measurement unit (TBLMU) and are installed in each trash bin where the status needs to be 
monitored [5]. The TBLMU measures the unfilled level and geographical location of a trash 
bin, processes the data, and transmits it to a LoRaWAN gateway at a frequency of 915 
MHz. A LoRaWAN gateway serves as a concentrator for the TBLMUs and relays data 
between a TBLMU and an IoT trash bin level monitoring server. The users can view and 
analyse the status of every bin and its geolocation by using a smart graphical user interface. 
The accuracy of the developed system, wireless range between a TBLMU and a LoRaWAN 
gateway, average current consumption and life expectancy of the TBLMU, battery charging 
time, and the cost were studied and are reported here. 
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TABLE 1 COMPARISON OF EXISTING MODELS WITH THE PROPOSED 
MODEL 
 
 

S NO PARAMET
ER 

A Proposed 
IoT-
Enabled 
Smart 
Waste Bin 
Managemen
t System and 
Efficient 
Route 
Selection 

Smart 
garbage 
managemen
t system for 
a sustainable 
urban life 

An 
IoT‑based 
bin level 
monitoring 
system for 
solid waste 
managemen
t 

Domestic 
Waste 
Managemen
t with IoT- 
enabled 
Application
s 

A 
LoRaWAN 
IoT-
Enabled 
Trash Bin 
Level 
Monitoring 
System 

1 Location 
tracking 

YES NO NO YES YES 

2 Bin locking NO YES NO NO NO 

3 SMS Alert YES YES YES YES YES 

4 Harmful Gas 
detection 

NO NO NO NO NO 

 

III. EXISTING SYSTEM 
Each bin is thought of as a node with sensors fixed to measure the amount of garbage 
inside. The Bin level is monitored with an ultrasonic sensor. These end nodes of the IoT 
system are called trash bin level measurement units (TBLMU) and are installed in each 
trash bin where the status needs to be monitored. A trash can's unfilled level and geographic 
location are measured by the TBLMU, which also analyses and transmits the information. 

IV. PROPOSED SYSTEM 
The suggested system allows for real-time monitoring of the garbage bins' condition and 
presents that information to the relevant authorities. Garbage monitoring can be made better 
with IoT. Bin levels are determined using ultrasonic sensors installed within the bins. The 
trash can is locked and may only be accessed by the municipality if it is full. Due to the 
ambiguity of the waste disposed of, the emission of poisonous gas is possible. A gas sensor 
may also detect the presence of any dangerous gas. To prevent the public from inhaling 
those harmful gases the bin is locked automatically. The municipality is alerted of this and 
they can dispose of the waste. The location of those bins that are full and with poisonous gas 
is shared with the municipality with GPS. The municipality is informed of all these data via a 
GSM module 
ADVANTAGES OF THE PROPOSED SYSTEM 
 A remedy is given to the situation where the bin becomes full. The bin is locked 
automatically once its full and can only be opened by reading the RFID tag from the 
municipality. 
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 There is a gas sensor to detect poisonous gas and once detected the bin is again 
locked. 
 Automatic locking system 
V. SYSTEM REQUIREMENTS HARDWARE REQUIREMENTS 
• POWER SUPPLY 
• ARDUINO UNO 
• LCD 
• ULTRASONIC SENSOR 
• RFID READER 
• RFID TAG 
• LCD 
• ZIGBEE PAIR 
• ESP8266 
• MQ4 GAS SENSOR 
• SERVO MOTOR 
SOFTWARE REQUIREMENTS 
 
• ARDUINO IDE 
• EMBEDDED C LANGUAGE 
 
VI. ARCHITECTURE DIAGRAM 
VII.  
 
RECEIVER 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1 Receiver 
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TRANSMITTER 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2 Transmitter 
 

MODULE DESIGN LIST OF MODULES 
1. Bin-level checking 
2. Poisonous gas detection 
3. Location tracking 
4. Status sharing and display 
BIN LEVEL CHECKING 
The ultrasonic sensor is used to check the level of the bin. Using the transceivers in the 
sensor the distance of the bin from the top is calculated which helps determine the level. The 
position of the sensor to be fixed is important. Fixing it on the top will produce the most 
accurate filled-up level of garbage. 
If the level detected shows that the bin is full then the bin is automatically locked. The 
public can no longer open the bin using their RFID tag. The municipality can now come 
and collect the garbage. The IoT module will update the condition of the bin as full on the 
webpage. 
Considering the height of the bin to be around 15 to 20 cm, if garbage has been filled at 
around 5 cm i.e., the distance between the lid and the garbage is around 15 cm, then it is 
considered to be medium level or low level. The distance between the lid and the garbage 
when reduced to 5 cm or below is considered as the bin is full. 
 

 
 
Fig 3 Bin Level Checking POISONOUS GAS DETECTION 
The garbage that is filled can be of unknown nature sometimes. There can be chemicals and 
other forms of discard that can produce harmful gases. This can be the case, especially in 
industries and hospitals. The gases can be methane, ammonium, etc which can cause harm 
to humans and the environment. There will also be the presence of bad odor. 
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Once the emission of poisonous gas is detected the bin gets locked automatically. The bin 
again cannot be opened by the public. Thus, people coming into contact with harmful gases 
can be prevented. It can be opened only by the municipality using its RFID tag. 
 
 

 
Fig 4 Poisonous Gas detection LOCATION TRACKING 
The bin contains a GPS tracker to identify the location of the bin that is full. The status of 
the bin is sent along with the location of that bin. The location information will be helpful 
while deciding on a route for garbage collection by municipality. 
Traveling to places where the bin is yet to be full will be a waste of fuel and time. 
Therefore, having the status and location of the bins will help develop an efficient route for 
garbage trucks. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5 Location Tracking STATUS SHARING AND DISPLAY 
The GSM module is used to share the alert message with the municipality. Once the bin is 
full, an SMS alert is sent to the municipality. The status of the bin together with its location 
is sent to the municipality. The municipality arranges routes for the garbage trucks using  

Fig 6 Status sharing and display  

7

E3S Web of Conferences 399, 04052 (2023) https://doi.org/10.1051/e3sconf/202339904052
ICONNECT-2023



this data. 
The status of the bin is constantly shown on the LCD. All the alert messages are displayed 
on this LCD as well. Three LEDs are used to differentiate the level of garbage filled in the 
bin. All those alert messages are displayed on the LCD. 
 
                                            
 
VIII. RESULT AND OUTPUT 
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CONCLUSION 
Smart Bins contribute to improved operational efficiency, and a safer, cleaner, and more 
hygienic environment, all while lowering management expenses, resource consumption, 
and roadside emissions. Busy places like campuses, amusement parks, airports, and train 
stations are perfect places to deploy the Smart Bin. Smart bins can provide betterment to the 
current situation of garbage disposal. Monitoring garbage bins will help the environment 
stay clean. Municipalities must take care in managing the garbage through these bins. 
Energy waste can be avoided by saving fuel from the garbage trucks where they travel to 
place with unfilled bins. Once proper data on the bins are obtained, an efficient route can be 
built through various algorithms and techniques. Real-time monitoring of trash cans in urban 
areas is made possible by technological advancements in sensor design, communication 
protocols, and remote monitoring techniques. Providing a clean and hygienic environment 
to the future generation can be made possible if this is implemented full-fledged throughout 
the country 

FUTURE ENHANCEMENT 
The current age is full of automation. Artificial  Intelligence is flourishing in all fields these 
days. This smart monitoring system can be automated completely by using a robot that 
collects the garbage as well. 
Diseases spread through the waste through bacteria and other disease-inducing 
microorganism formation. Detection of this bacterial presence can be incorporated into this 
system to take precautions while handling the waste. 
This system can be enhanced to be utilized on a larger scale. Bigger bins can be set up with 
this system using multiple sensors. Though it is important to design them in a way that those 
sensors do  not cause interference     with each other. 

REFERENCES 
[1] A Proposed IoT-Enabled Smart Waste Bin Management System and Efficient Route 

Selection, Asim Zeb, Qurban Ali, Muhammad Qaiser Saleem, Khalid Mahmood 
Awan, Ali Saeed Alowayr, Jamal Uddin, Saleem Iqbal , and Faisal Bashir, 2019 

[2] Smart garbage management system for a sustainable urban life: An IoT based 
application, Minhaz Uddin Sohag , Amit Kumer Podder, 2020 

[3] An IoT‑based bin level monitoring system for solid waste management, S. R. Jino 
Ramson, D. Jackuline Moni, S. Vishnu, Theodoros Anagnostopoulos, A. Alfred 
Kirubaraj, Xiaozhe Fan, 2020 

[4] Domestic Waste Management with Io-enabled Applications: A Case Study of the Al 
Rayyan, Qatar Region, Iftikhar Hussain, Adel Elomri, and Laoucine Kerbache, 2022 

[5] A LoRaWAN IoT-Enabled Trash Bin Level Monitoring System, S.R. Jino Ramson, 
Vishnu S. , A. Alfred Kirubaraj, Theodoros Anagnostopoulos, and Adnan M. Abu-
Mahfouz, 2022 

[6] Shirley D.R.A., Sundari V.K., Sheeba T.B., Rani S.S.,(2021),"Analysis of IoT-Enabled 
Intelligent Detection and Prevention System for Drunken and Juvenile Drive 
Classification",EAI/Springer Innovations in Communication and Computing,pp.183-
200.doi:10.1007/978-3-030-59897-6_10 

9

E3S Web of Conferences 399, 04052 (2023) https://doi.org/10.1051/e3sconf/202339904052
ICONNECT-2023



[7] Meshach W.T., Hemajothi S., Anita E.A.M.,(2021),"Real-time facial expression 
recognition for affect identification using multi-dimensional SVM",Journal of Ambient 
Intelligence and Humanized Computing,Vol.12,no.6,pp.6355-
6365.doi:10.1007/s12652-020-02221-6 

[8] Rajesh G., Mercilin Raajini X., Ashoka Rajan R., Gokuldhev M., Swetha C.,(2020),"A 
Multi-objective Routing Optimization Using Swarm Intelligence in IoT 
Networks",Lecture Notes in Networks and Systems,Vol.118,pp.603-
613.doi:10.1007/978-981-15-3284-9_69 

[9] Babu G.N.K.S., Anbu S., Kapilavani R.K., Balakumar P., Senthilkumar 
S.R.,(2022),"Development of cyber security and privacy by precision decentralized 
actionable threat and risk management for mobile communication using Internet of 
Things (IOT)",AIP Conference Proceedings,Vol.2393.doi:10.1063/5.0074634 

[10] Senthilkumar K.K., Kalanandhini G., Aravind A.R., Vijayalakshmi G., Gayathri 
J.,(2022),"Image fusion based on DTDWT to improve segmentation accuracy in 
tumour detection",AIP Conference Proceedings,Vol.2393. doi:10.1063/5.0074183 

[11] Geetha S., Subburam S., Selvakumar S., Kadry S., Damasevicius 
R.,(2021),"Steganogram removal using multidirectional diffusion in fourier domain 
while preserving perceptual image quality",Pattern Recognition 
Letters,Vol.147,pp.197-205.doi:10.1016/j.patrec.2021.04.026 

[12] Wang Y., Rajesh G., Mercilin Raajini X., Kritika N., Kavinkumar A., Shah 
S.B.H.,(2021),"Machine learning-based ship detection and tracking using satellite 
images for maritime surveillance",Journal of Ambient Intelligence and Smart 
Environments,Vol.13,no.5,pp.361-371.doi:10.3233/AIS-210610 

[13] Umapathy K., Balaji V., Duraisamy V., Saravanakumar S.S.,(2015),"Performance of 
wavelet based medical image fusion on FPGA using high level language C",Jurnal 
Teknologi,Vol.76,no.12,pp.105-109.doi:10.11113/jt.v76.5888 

[14] Shanthakumari A., Kalpana R., Jayashankari J., Umamaheswari B., Sirija 
M.,(2022),"Mask RCNN and Tesseract OCR for vehicle plate character 
recognition",AIP Conference Proceedings,Vol.2393.doi:10.1063/5.0074442 

[15] Senthilkumar S.R., Sureshbabu G.N.K., Reena R., Kannan K.N., Balakumar 
P.,(2022),"Intelligent therapy aided by advanced computational technology",AIP 
Conference Proceedings,Vol.2393.doi:10.1063/5.0074507 

[16] Ganesan R., Raajini X.M., Nayyar A., Sanjeevikumar P., Hossain E., Ertas 
A.H.,(2020),"Bold: Bio-inspired optimized leader election for multiple drones",Sensors 
(Switzerland),Vol.20,no.11.doi:10.3390/s20113134 

[17] V. S. Harshini and K. K. S. Kumar, "Design of Hybrid Sorting Unit," 2019 
International Conference on Smart Structures and Systems (ICSSS), 2019, pp. 1-6, doi: 
10.1109/ICSSS.2019.8882866. 

[18] Lakshmanan L., Jesudoss A., Sivasangari A., Maran S., Mercy Theresa 
M.,(2020),"Analysis of the Water Quality Monitoring System",Proceedings of the 2020 
IEEE International Conference on Communication and Signal Processing, ICCSP 
2020,pp.1032-1035.doi:10.1109/ICCSP48568.2020.9182256 
 

10

E3S Web of Conferences 399, 04052 (2023) https://doi.org/10.1051/e3sconf/202339904052
ICONNECT-2023


