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Abstract

Managing and gathering waste in an inventive way is called smart waste management. Smart trash management,
which is based on Internet of Things technology, offers information on waste generating patterns and behaviors.
This enables waste collectors, towns, and municipalities to streamline their waste operations, increase their
sustainability, and make more astute business judgments. Having a healthy environment and smart health services
available is one of a smart city's key characteristics. This study explores the functioning of smart waste
management systems.
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I. INTRODUCTION

In cities especially, waste management is a huge challenge for many sides of society. There is a direct correlation
between changes in lifestyle and population growth and the daily increase in rubbish creation. This increase in trash
output contributes to environmental contamination and a number of other health problems. The accumulation of waste,
particularly from families, is caused by a number of factors, one of which is the absence of direct control by garbage
collectors. Due to the regular timetable of the garbage collection process, there may be instances where collectors show
up even when the bins are not filled or when they do not show up when the bins are full. This disparity results from a
lack of knowledge regarding which bins need to be attended to right away. Effective waste collection management is
vital to protect public health and preserve a clean environment. Ultrasonic technology [1]-[3], the Internet of Things
(1oT) [4]-[9], Telegram [10], [11], SMS [12], and the use of Arduino [13]-[15] are just a few of the many studies that
investigate waste management with various technologies. However, Arduino can also be applied in robot development
[16]-[18] and medical technology [19], fuzzy logic [20], image processing [21], deep learning [22], and GSM modules
[23].

Il. RELATED WORKS

With the world population growing, waste management is becoming a bigger problem. We need to find effective
solutions to recycle and reuse waste. Since different types of garbage, such as biodegradable and non-biodegradable
waste, should be handled differently, waste segregation has become essential to waste management. For this, in
particular, effective waste segregation at the fundamental level is needed. Using the Internet of Things (1oT) and GSM, a
number of smart waste management solutions targeted at smart cities are also suggested. The current smart bins that use
wireless sensor networks (WSN) and the Internet of Things (10T) rely heavily on two main factors. First, there should be
a variety of sensor types because one sensor would not be able to identify certain types of trash. Secondly, there should
be connectivity and a console (such as an Arduino Raspberry Pi or Microcontroller) because these depend on
programming and the operating system. By merging the Internet of Things (l1oT) with artificial intelligence techniques
like deep neural network (DNN) systems, these embedded smart bin constraints are addressed. In this research, we have
proposed a friendly trash segregator that separates and classes waste objects into biodegradable and nonbiodegradable
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categories using deep learning and the Internet of Things. We present a system that makes use of the Internet of Things
(1oT) for connectivity and monitoring through a variety of sensors, and a strong deep learning network for accurate waste
classification. After initial training, our suggested method can recognize and separate garbage objects in real-time with an
average accuracy of 97.49% without the need for human interaction. Our smart bin aims to promote environmentally safe
society by offering efficient bio- and non-bio-waste management [24]. The creation of smart cities is one of the most
well-known uses of the Internet of Things (IoT) in current digital age. The internet serves as the backbone connecting
smart objects, or devices, in loT-based smart cities. Using multi-hop communication, the sensed data from the smart
objects is sent to the sink for additional processing. The infrastructure and public utilities of the smart cities are improved
via the analysis of data, and their services are improved through the application of 10T technology to improve the
standard of living for the general public. Waste collection is a major concern for towns trying to achieve a clean
environment in loT-based smart cities. Urban areas are experiencing a population growth, which increases garbage
generation. The inadequate procedures for waste collection and segregation are a serious problem in the waste
management system. Long before the cleaning procedure is initiated, public trash cans start to overflow, which leads to
the growth of bacteria that spreads illness and produces unpleasant odors. This paper proposes an Internet of Things
(1oT)-based smart prediction and monitoring system for garbage disposal that uses readily available parts that can be
installed to any size bin and measure fill levels in order to address this problem. The suggested device uses an Arduino
microcontroller to connect with the weight, infrared, and ultraviolet sensors. A GPS module is used to track the state of
the bins at pre-arranged intervals. The proposed system transmits the data using the cluster network to the master module
which is connected to the backend via Wi-Fi. As data is collected, an intelligent neural network algorithm namely Long
Short-Term Memory (LSTM) is used which will intelligently learn and predict the upcoming wastage from waste
generation patterns. In addition, the suggested system makes use of Firebase Cloud Messaging to alert the relevant
parties when the trash cans are full and require emptying. Notification messages are sent via the JavaScript Application
Programming Interface (API) of Firebase Cloud Messaging (FCM) in web applications running in browsers that allow
service work. Therefore, the suggested method benefits society by giving governments the means to enforce more
stringent waste disposal laws. The suggested solution also includes extra features like automated bin height calibration, a
dynamic web data dashboard, and data collection into a distributed real-time Firebase database [25]. A new technique for
linking devices to the Internet is called the Internet of Things (IoT). Maintaining mutual respect on the Internet is the new
idea in the IT industry. 10T makes it possible for multiple devices to be connected to one another via the internet. By
doing so, the devices are able to exchange and collect data, creating an elegant state. Smart sensors' primary goal is to
cooperate with one another without requiring human contact, opening up new possibilities for solutions. Using a smart
bin is a necessary step in this process. In smart cities, smart waste management must include smart garbage pickup.
Using dusthins is the first step in any waste management system (WMS). To establish a smart waste management system,
smart dustbins are required. This study proposes an Internet of Things (IoT) smart trashcan that is integrated with several
0T sensors. The main goal of the suggested approach is to create an intelligent waste management system. To this
purpose, Internet of Things devices are used to wirelessly transmit dustbin status information, which can result in a
message being shown on the Smart D application. The recipient of this message is informed that the trash can needs to be
emptied because it is full. When a human hand is detected, the dustbin lid automatically opens and closes. The dustbin's
position is tracked using the Neo-6M sensor, and an Android application is available for customers to keep an eye on the
[26]. Building smart cities necessitates the installation of a smart system that tracks the dustbin's location in real time.
Currently, Indian municipal corporations are not provided with up-to-date information regarding the location of dustbins.
To that end, we are putting in place an Internet of Things (I0T) based system that can notify businesses about the toxicity
and overflow of the dustbins. Additionally, a website is being created to oversee the trash data. The dustbin status is
updated on the internet, and a message is sent to the mobile phone via the GSM module. Additionally, residents can file
complaints about trash management or dustbins on this website. The GSM/GPRS module in the suggested setup is
interfaced with sensors via an Arduino microcontroller. The trashcan level and toxicity are measured using ultrasonic
sensors and gas sensors, respectively [27]. The generation of solid waste is an issue that is getting worse on a local,
regional, and worldwide scale. When solid trash is disposed of properly, it pollutes the air, land, and water in the green
environment both locally and globally. Urban society has been producing more garbage as a result of a sharp rise in
output or consumption. Due to faster urbanization and economic growth, developing nations deal with this issue more
than developed ones. Unsanitary conditions are brought about by the constant flow of trash in every area where
individuals travel. It could cause a number of harmful illnesses in anyone in the vicinity. The suggestion is to implement
a "smart waste management system™ in order to prevent such an occurrence and enhance cleanup. With the use of
sensors, the suggested system verifies that the waste in the dustbins is complete. Information is then transmitted via the
GSM/GPRS system to the necessary control room. The sensor system and the GSM system connect via a Renesas
microprocessor. An Android application has been developed to track waste-related data at various locations of choice.
Garbage collection can be done effectively this way [28]. Sending alerts to consumers with a blend of automation and
telecommunications technologies is the notification communication method. Using the WeMo’s microprocessor, the
smart trash design automates a number of functions, including opening and closing, compacting the waste, and sending
out status updates. These alerts are delivered using smartphone Android applications and Firebase web server
connectivity. Once testing is completed successfully, the system operates in accordance with the preprogrammed
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specifications. It exhibits an average waste compaction rate of 45%, accomplishes automatic opening and closing within
a proximity range of < 10 cm, and notifies users of the garbage status—empty, halfway full, or full [29]. An intelligent
smart bin system is installed in buildings to help people manage garbage more easily. Since many are reluctant to
recycle, the system makes waste reduction easier and allows users to monitor the bins online. The smart bin's intelligent
systems enable it to automatically classify and sort various waste categories. It can also effectively communicate with
other devices by utilizing the Internet of Things (IoT) concept. Data is transmitted to the monitoring computer for
monitoring, data collection, analysis, and information sending. Additionally, by enabling machine learning to improve
the smart bin's performance, robotics is used to enable sorting automation and notify the user from a distance. The
suggested system would have made a significant contribution to green technology by lowering the workload for humans,
improving waste management effectiveness, encouraging recycling, and creating a cleaner living environment [30].

I1l. THE ADVANTAGES OR BENEFITS OF CLEVER WASTE MANAGEMENT INCLUDE THE
FOLLOWING
1. Using intelligent garbage collection bins and systems with fill level sensors saves time and money. Only the
filled bins or containers are visited by smart transport vehicles. Up to 30% less money is spent on operations,
maintenance, and infrastructure.
2. Because there are fewer waste collection vehicles on the road, there is less air pollution, which reduces traffic
flow and noise. Two-way communication between smart dustbins and service providers has made this feasible.
3. It highlights a healthy atmosphere, maintains our surrounds green and clean, eliminates the stench of waste, and
makes cities look better.
4. It also lowers the amount of labor needed to manage the garbage collection process.
5. By optimizing management, resources, and costs through the application of smart waste management
techniques, the city becomes a "smart city."”
6. It assists the administration in bringing in additional funds by running smart device adverts [31].

IV. CONSEQUENCES OR LIMITATIONS OF AN INTELLIGENT WASTE MANAGEMENT
SYSTEM
The following are the negative aspects of intelligent waste management:
1. According to the city's population, the system needs more trash cans for separate garbage collection. Because
smart dustbins are more expensive than conventional solutions, this leads to a high initial cost.
2. The dustbins' sensor nodes have a small amount of memory.
3. The system uses wireless technologies with lesser data speeds and shorter ranges, like Wi-Fi and ZigBee. RFID
tags in systems that rely on RFID are impacted by nearby metal items, if any.
4. It lowers the need for labor, which causes the unemployment rate for unskilled workers to rise.
5. The individuals using the smart waste management system must receive the training [31].

V. HOW THE SMART WASTE MANAGEMENT SYSTEM WORK
Real-time information on garbage fill levels, collection routes, and bin motions and positions are provided by smart
waste management systems. Four components often make to a solution.
1. Smart Bin Sensors
loT smart sensors are the foundation of smart waste management. Waste container fill levels are tracked using
intelligent sensors. The Internet of Things (10T) network, which links gadgets over the internet, powers them.
Every fifteen minutes, smart bin sensors take temperature, fill level, and orientation readings. They then use this
information to create 3D topology maps of the bin contents. Intelligent sensors collect information about the
patterns of trash generation and transmit it to the cloud. These data are converted into insights and made
accessible through the NordSense platform, a smart waste solution.
2. Smart Waste Management Platform
Using analytics, a clever waste management software can convert the information gathered from your bins into
useful insights that will enable you to enhance your waste management offerings. You can obtain information
on measures like:
i. Locations prone to overflow
ii. The number of bins needed to avoid overflowing waste
iii. The number of collection services that could be saved
iv. The amount of fuel that could be saved
v. The driving distance that could be saved

These data insights can assist you in changing the way you manage trash so that it is cleaner, greener, and more
intelligent.
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3. Intelligent Routing
Smart routing is also made possible by the data on bin fill levels. Waste collectors can utilize the intelligent
waste management software to optimize their collection routes by viewing a digital overview of the bins' fill
levels.
Waste collectors can use the data insights to move to dynamic paths rather than following set collection routes.
In this manner, they avoid spending long hours driving prearranged collection routes and picking up every bin
regardless of fill level—instead, they only pick up bins that require maintenance.

4. Container Tracking
An integral part of intelligent waste management is having a digital overview of your waste inventory and
containers. Because container tracking uses highly accurate data on the position and motions of bins, it gives
you transparency over your waste planning procedures.
You can streamline your inventory management by scheduling container maintenance, monitoring broken bins,
and preventing theft by integrating container tracking into your trash solutions [34].

VI. CONCLUSION

For this study, we have examined numerous research publications pertaining to waste management systems, or trash
cans. Utilizing the waste management system has a number of benefits, and several technological advancements have
occurred [32]. The disadvantages of using the smart waste management system are also covered [33]. There is a thorough
discussion of the smart waste management system's operation.
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