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Abstract— In an era of rapid urban growth—driven by 

continued population growth and greater waste dispersion 
due to unregulated disposal practices by all citizens—a 
major challenge is emerging in the effective management 
of solid waste in urban environments. This project proposes 
a solution to this challenge: a Smart Waste Tracking & 
System for Monitoring. In this system, every household is 
provided with an RFID card, which they must use each time 
they deposit waste into the garbage collection vehicle. 
Households will have their card scanned by the garbage 
collector before depositing waste. This will allow the 
centralised system to have accurate records of waste 
deposition by each household. In addition, several fines and 
rewards will be associated with that record. For example, 
any household that fails to deposit waste for 4 days will be 
fined ₹100, and any household that deposits waste at least 
once every 30 days will receive an incentive based on the 
total number of waste deposits. The process of calculating 
both wet and dry waste begins with the vehicle's initial 
weight; after unloading, the second weight is taken and 
compared to determine the amounts of the two types of 
waste. The difference between the two will be displayed on 
remote display devices for real-time readings. The 
Municipal Web Portal provides a comprehensive record of 
a citizen's activities. It allows city officials to view all waste 
generated by citizens, review trends in individual waste, and 
gather data on the various components of waste in specific 
sectors. A user interface for all citizens provides a list of all 
waste disposed of, reasons for missing a day of disposal, and 
what is expected of the citizen in maintaining cleanliness. 
Technology-based methods that utilize this system will 
ensure greater accountability and promote environmentally 
responsible waste management. 

Keywords: Smart Waste Management, RFID, Internet of Things 

(IoT), Waste Segregation, Embedded Systems, Smart Cities, Data 

Monitoring, Incentive Mechanism. 

I. INTRODUCTION 

Modern cities struggle with waste management, a 
challenge they face today. The growing population, along 
with rising waste generated by residents, is creating a need 
for new, innovative solutions to dispose of waste properly. 
The current systems for collecting and managing the disposal 
of trash do not provide adequate monitoring of compliance 
with waste management policies, which has resulted in a lack 
of accountability, poor separation of waste types, and 
environmental pollution. Municipalities across the country 
are also struggling to track citizen involvement in waste 
collection. This creates inefficiencies in the system and adds 
to the burden of many municipalities that manage waste [1]. 

Emerging technologies, including the Internet of Things 
(IoT), Radio Frequency Identification (RFID), and cloud-
based data systems, show significant potential to change the 
way we manage waste from traditional methods to high-tech 
methods. Utilizing IoT, RFID, and cloud-based systems in 
waste management will improve the ability to collect and 
analyze data in real time, enabling better decision-making 
and greater transparency. By implementing new technologies 
into waste management processes, it is possible to develop a 
new waste management system with a defined framework, 
encourage citizens to be accountable for complying with 
waste disposal regulations, and assist municipalities in better 
planning and the overall execution of their waste 
management systems [2]. 

This project proposes a Smart Waste Tracking & System 
for Monitoring to overcome limitations in current systems. 
The proposed solution uses RFID technology to uniquely 
identify households and track their waste disposal via a 
garbage collection vehicle. The project proposes using RFID 
technology to uniquely identify households, along with a 
rule-based system that encourages good behavior by 
imposing penalties for improper disposal and rewarding good 
participation. In addition, multi-stage weighing will 
quantitatively verify the type of waste (wet or dry) at the 
dumping yard. 
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This project proposes an all-in-one software platform and 
an administrative web portal that provides real-time 
monitoring information, data analytics, and enhanced 
monitoring capabilities for municipal authorities. Overall, the 
proposed system will improve the efficiency, accountability, 
and sustainability of urban solid waste management through 
a technology-oriented approach 

II. LITERATURE SURVEY 

     The study article by Abhishek et al. [1] is dedicated to 
the issue of smart waste management systems on the basis of 
the IoT and embedded technology that will comprise 
different sensors, among which ultrasonic, infrared, and 
weight sensors may be mentioned, to monitor the amount of 
garbage in real-time. The proposed solution will enhance 
efficiency in the operation by allowing efficient collection 
paths and minimising the risk of overflowing the bins. There 
is also automation that will minimise the cost of labour and 
operating costs. However, the paper has also indicated certain 
limitations, including high implementation cost, the sensor 
inaccuracy in various environmental factors and inadequate 
population participation. According to the authors, further 
research should aim at deploying artificial intelligence for 
predictive waste collection and improving the scalability of 
municipal solutions. 

Alourani et al. [2] proposed a smart solid waste 
management system that incorporates the use of smart bins, 
IoT, and cloud computing analytics alongside deep learning 
to identify the type of solid waste. The system uses very deep 
convolutional neural networks, that is, VGG-19, which has a 
99.7% classification accuracy with different dumped wastes 
such as plastic, glass and metal. This technique saves a lot of 
human effort and helps to increase efficiency in the process 
of waste separation. Despite such high accuracy, the study 
has a significant limitation since it does not show a large-
scale, real-world application and testing, particularly cost-
effectiveness and acquisition difficulties of the urban 
environment. 

Shubham Mengade et al. [3] introduced a Smart Trash 
Manager system, which is an IoT-based system based on 
ultrasonic sensors and GPS modules to monitor the level of 
fill in the bins and transmit them with real-time information 
via a centralised dashboard. This system will enable the 
municipal governments to keep track of the garbage 
collection, employee attendance and sanitation procedures. 
When the bins are full, on-time collection is confirmed with 
automated SMS messages, and spills are avoided. Better 
operational performance and scheduling findings are 
demonstrated. Nevertheless, the paper observes that the old 
systems did not have a complete, fully centralised, scalable 
platform, which could bring together all the parties to the 
waste management process. 

Ahmed et al. [4] created a smart waste management 
system to manage the quantity of garbage with the help of AI, 
IoT, RFID, ultrasonic sensors, GPS, and a NodeMCU 
controller, transmitting real-time information to municipal 
authorities through the mobile application of Blynk and 
Google Maps. The system is very effective in minimising 
costs of operation, removing overfilled bins and making sure 
that the routes of collection are efficient. Moreover, it is 
compatible with the Sustainable Development Goals, 
promoting proper utilisation of resources. However, the study 
itself indicates that there are several issues, including the high 

price of installation, the necessity to rely on a constant power 
source, and the unavailability of more advanced predictive 
analytics to organise longevity waste disposal. 

Another introduction of K. Sivapriya et al. [5] is an IoT-
based system of garbage management using Arduino, 
NodeMCU, and mobile apps to track garbage bins in real 
time. The parameters it monitors include fill level, moisture, 
and smoke detection, and it sends data over Wi-Fi to a mobile 
interface for the authorities. The implementation has shown 
better monitoring accuracy, less bin overflow, and better 
urban sanitation. Although these are the benefits, the research 
identifies a lack of predictive analytics, inadequate 
integration of recycling processes, and difficulties in 
operating the system at large urban scales as important 
research gaps. 

Sravya Sruthi et al. [6] proposed an autonomous waste 
management system integrating RFID-based user 
authentication, IR, and proximity sensors to detect waste, and 
an Arduino-based control unit to automatically separate the 
waste. It is a conveyor-belt system that efficiently splits 
metallic, wet, and dry waste, with real-time data transmission 
to municipal authorities via a web application. The outcomes 
show less manual intervention, better traceability, and greater 
waste utilisation. Nevertheless, the research also presents 
shortcomings, such as scaling and the need for an 
uninterrupted power supply, as well as the lack of 
sophisticated AI-based predictive analytics to make better 
decisions. 

A review of systems using IoT to develop smart dustbins, 
which include a combination of sensors such as infrared 
sensors, odour sensors, and temperature sensors to provide 
real-time monitoring of the waste, which can be collected 
efficiently, was conducted by Mishra et al. [7]. It highlights 
how data analytics and mobile apps can be essential to finding 
new ways to increase citizen involvement and improve 
recycling. The results indicate that these systems are very 
effective in the control of overflow as well as enhancing 
urban hygiene. Nevertheless, issues like high 
implementation, connectivity, and privacy are mentioned, 
which proves that more research is needed on the large-scale 
implementation and safe data processing. 

Sangram C. Patil and others [8] have proposed an 
elaborate Smart Waste Management system to enable 100% 
door-to-door waste collection, utilising IoT-capable 
hardware and mobile applications. The system issues RFID 
cards to houses and incorporates ultrasonic sensors, GSM, 
and GPS to measure trash and to optimise routes. The 
information is logged in the Firebase database in real time, 
and the authorities can monitor user participation and impose 
fines. The system is very efficient and enhances better 
management in the municipality, but mainly focuses on 
filling the gap in incorporating all stakeholders on a 
centralised platform to provide greater accountability. 

Prabhakaran et al. [9] have designed a smart dustbin 
system using an IoT system that employs ultrasonic and 
infrared sensors, Arduino microcontrollers, and cloud 
platforms such as ThingSpeak for real-time monitoring. It 
also integrates the algorithm developed by Dijkstra to 
identify the shortest route through which garbage collection 
vehicles can travel, thus saving fuel and time spent in 
collection. The findings ensure greater efficiency and a lower 
environmental impact. Nevertheless, the research is not on a 
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large scale, as it should be, since it does not combine 
governance systems to enforce participation and adherence 
among citizens. 

In their article, Sosunova et al. [10] examined the smart 
waste management systems based on the IoT and performed 
a systematic review of over 170 studies, highlighting the 
predominant technologies, services, and stakeholder roles. 
This paper discusses the relevance of the composition of 
citizens, local governments, and businesses in the 
management of waste. It also dwells on the role of data flow 
and system interoperability as an aspect of contributing to 
sustainability. However, the absence of standardised 
technologies and historical data and the problem of uniting 
stakeholders are gaps in the research that need to be filled in 
with a further study. 

One of the proposed smart garbage collection systems, 
referred to as GarbageGo and proposed by Dr Dharmpal 
Singh et al. [11], is an app utilising both GPS-tracked real-
time garbage collection vehicles and waste holders detected 
with the help of the YOLO and TenFlow applications. It is a 
technology that allows citizens to upload images of 
uncollected rubbish that will make authorities act. There are 
also predictive analytics and citizen-rewarding games to 
improve the engagement of citizens. The results indicate 
reduced response time and delay in garbage collection. The 
system, however, is not yet scalable and cannot efficiently 
deal with more complex types of garbage, such as hazardous 
or electronic garbage, and cannot optimise routes with traffic 
awareness. 

Wenbo Liu et al. [12] introduced the application of the 
convolutional neural network (CNN) to create an intelligent 
system of garbage classification and used the system as an 
automated means of extracting features and better classifying 
garbage than the traditional method. This will be done 
through the collection of datasets, annotation, model design, 
and training using a GPU. The system recorded high 
classification scores ranging between 94 and 99 per cent, 
which is a good output of change in processing speed and 
efficiency. Nevertheless, the research observes that 
increasingly varied data sets are in demand to increase power 
in a wide variety of environmental scenarios, such as light 
variations and blockages, and to execute the entire pipeline 
analysis between classification and recycling outcomes. 

Alsabt et al. [13] wrote about the implementation of waste 
management optimisation methods, using machine learning, 
relying on the dataset of the World Bank, What a Waste. The 
study involved regression, classification (such as SVM, 
Random Forest, and XGBoost), and linear programming 
analysis. The results showed the accuracy of predicting waste 
production through the 85% percent and the operational 

efficiency through 15 percent percent. The article is dedicated 
to the role of machine learning in active policy-making or 
sustainability planning. Nevertheless, the issues of data 
quality and lack of integrated data, which are limitations and 
a challenge in the international implementation, were also 
pointed out as basic gaps in research. 

David B. Olawade et al. [14] have suggested a systematic 
review of artificial intelligence in waste management, and a 
variety of techniques are applied in the article, such as 
regression models, decision trees, artificial neural networks, 
and deep learning approaches. The usage of intelligent bins, 
route optimisation, waste sorting, and predictive analytics is 
mentioned in the paper. The findings show that IoT and 
robotics could be used to improve AI so that it can be highly 
efficient and effective when making decisions within the 
waste control systems. However, it is mentioned in the paper 
that there are actual obstacles that include the problem of data 
privacy, high cost of implementation, non-standardised data 
and inadequacy of real-life implementation, especially in 
low-resource environments. 

The proposed SWM4.0 framework presented by Devika 
Kannan et al. [15] is a collection of Industry 4.0 technologies 
in integration with the waste management system. The 
research categorises technologies based on waste type and 
processes (collection, transport, recycling and disposal) 
based on a methodical literature review. The framework 
emphasises the role of smart cities, business organisations, 
and individuals in ensuring sustainability in the management 
of waste. Despite the fact that the study is characterised by an 
extensive taxonomic coverage, the research gaps comprise 
insufficient focus on hazardous and electronic waste, the lack 
of cross-domain integration, and a lack of large-scale 
empirical validation. 

III. PROPOSED METHODOLOGY 

The proposed approach to developing a "Smart Waste 

Tracking & System for Monitoring" aims to improve the 

efficiency and accountability of waste collection operations 

by leveraging RFID and IoT technologies. This system will 

provide real-time tracking of citizen involvement in waste 

management, automated data management, and waste 

classification. The system will provide an efficient, 

accountable, scalable, and technology-based solution to 

urban waste management.. 

A. System Architecture Overview 

The block diagram of the proposed system is shown in 

Fig. 1.
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Fig. 1. Block diagram of the proposed smart waste tracking and monitoring system

The proposed system comprises an RFID-based 

identification system, an IoT-enabled waste collection 

system, and a centralized monitoring system. This 

architecture allows for seamless interaction between 

hardware and software components. RFID technology will 

allow households to be authenticated as they dispose of waste 

in a collection vehicle (via the reader in the collection 

vehicle). The ESP32 microcontroller will gather the required 

data from RFID readers/transaction logs, process it, and 

transmit it to the cloud server via Wi-Fi. A weight 

measurement will be used at the weighing station when the 

waste is delivered to the dump yard to determine how much 

waste has been delivered. These centralized platforms will 

provide real-time data synchronization and enable municipal 

authorities to use efficient oversight and management tools to 

monitor disposal activity. Increased transparency of disposal 

activities, reduced manual data entry, and data-driven waste 

management will be implemented through this architecture. 

B. RFID-Based Waste Identification and Tracking 

RFID Technology is the primary method the system uses 

to identify individual homes and track how households 

dispose of their waste. Each home has a special RFID card 

with an identification number, which makes it easier for 

waste collection trucks to log what has been done for that 

household. The waste truck scans the RFID card during trash 

collection. This information is then verified by the system and 

logged with details about when and where it was collected. 

This automated method of data entry helps reduce manual 

entries, which improves accuracy and efficiency. RFID 

technology improves accountability within each household 

and enables tracking of citizen participation in the overall 

waste management program. 

C. Smart Waste Collection & Verification Process 

The smart waste collection system improves 

accountability and monitoring regarding how waste is 

collected and disposed of. With the system in place, 

households will be able to place their waste in the garbage 

collection vehicle only after successfully proving their 

identity via an RFID card scan. When the collection vehicle 

arrives at a household to pick up the waste, the household 

must first scan their RFID card, which is then verified before 

the disposal event is recorded in the central database for that 

collection event, based on date, time, etc. This verification-

based collection process prevents all households from putting 

waste into the garbage collection vehicle unless they are 

registered or tracked, and keeps a record of all registered 

households that participate in the collection process. The 

smart waste process minimizes manual intervention and 

maximizes operational efficiency by automatically collecting 

data. In addition, the smart waste collection system helps 

reinforce citizens’ responsibility, as all waste disposal is 

directly linked to tracking, monitoring, and taking further 

action, with rewards and/or penalties as appropriate. 

D. IoT-Based Real-Time Monitoring and Data Management 

Using Internet of Things (IoT) technology, our system 

enables real-time monitoring of waste disposal operations 

and efficient management of waste data. When an individual 

disposes of waste, the ESP32 microcontroller retrieves 

information from the RFID reader on the waste and 

communicates it to a cloud-based, centralized data server via 

Wi-Fi. Data captured during the waste disposal event (e.g., 

user ID, date, time) will be updated in the database in real 

time. Because the data is transmitted in real time to the cloud 

server, municipalities can continuously monitor collection 

activity and receive data without delay. The cloud server's 

centralized data management system will enable the storage, 

ordering, and access of information for future 

analysis/reporting, and decision-making. Additionally, 

centralizing waste records will eliminate manual record 

keeping, reduce errors, and improve the system's overall 

efficiency. Furthermore, this approach provides a scalable 

solution that can be expanded to cover larger geographic 

areas while maintaining accurate data synchronization across 

all system components. 
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E. Waste Quantity Measurement at Dumping Yard 

The system uses a structured method to measure the 

volume of waste deposited by a garbage truck in the landfill. 

This measurement is made by weighing the truck at different 

points in time using a scale. At each time point, the truck is 

weighed while carrying the full load of waste. The truck is 

weighed for the first time when it contains only wet waste. 

The second time the truck is weighed is after the wet waste 

has been loaded onto the truck and then unloaded into the 

landfill. Finally, the truck is weighed a third time after the dry 

waste has been placed in the landfill. The measured 

differences between these weights allow you to compute the 

amounts of dry and wet waste added to the landfill. The 

computed measurements are displayed on the LCD interface 

in real time for continuous monitoring. Because of how the 

system is set up, waste can be measured effectively without 

the need for separate sorting. The collected data will be 

reported back to the system so the authorities can analyze it 

to understand waste-generation patterns better and, therefore, 

find more efficient ways to manage it. 

F. Incentive and Penalty-Based Compliance Mechanism 

An innovative way to encourage responsible waste 

disposal is a rule-based system that rewards people for 

following proper waste-disposal practices and penalizes them 

for not doing so. To monitor whether each household is 

following this practice, an RFID-based tracking device 

continuously records each household's participation. Each 

time a household fails to dispose of its waste for 4 

consecutive days, a fine of ₹100 will be automatically 

imposed. On the contrary, a household that disposes of its 

waste regularly will be rewarded from time to time to 

motivate it to remain an active participant in the waste-

disposal process. With a rule-based system that tracks and 

rewards/penalizes people, the system creates normal 

behaviour and encourages citizens to dispose of waste 

properly. In addition to monitoring through trackers, rewards 

and penalties enhance user engagement with the system and 

improve overall compliance with municipal waste 

management regulations. 

G. Admin & User Interface System 

This system has a web-based interface that enables 
municipal agencies and citizens to monitor and interact with 

one another efficiently. Municipal agency officials have 
access to real-time data on waste disposal activity from the 
Admin Portal (i.e., each household's participation or non-
participation), sector-by-sector records, and overall waste 
collection totals. There are also tools to allow municipal 
agencies to manage the data they receive, monitor 
compliance, and take action based on information gleaned 
from the system. For the citizens' side of the interface, there 
is a portion of the interface for the user to access their record 
of waste disposal as well as how many rewards or penalties 
the user has earned due to waste disposal, and to submit a 
legitimate excuse for missed waste disposal days so that the 
citizen can successfully challenge any fine imposed for a 
missed waste disposal day. The platform also provides 
cleanliness guidelines to raise users' awareness of cleanliness. 
Overall, the integrated interface provides citizens and 
municipal agencies with greater transparency and improved 
communication, as well as increased efficiency in waste 
management activities.   

IV. IMPLEMENTATION 

The implementation phase will focus on transforming the 
ideas into practice through implementing the proposed Smart 
Waste Tracking and Monitoring System and connecting all 
the required hardware and software. It consists of hardware 
and software components, as well as RFID-based 
identification and IoT (Internet of Things) for real-time 
tracking of waste during disposal. The Smart Waste Tracking 
& Monitoring System includes the RFID card, the RFID 
Reader (ESP32), the Centralized Database, and an electronic 
balance scale at the waste receiving site for accurate 
monitoring and efficient operation.. 

A. Hardware implementation 

The system's hardware implementation consists of two main 

modules: the garbage collection vehicle module and the 

dumping yard measurement module. These modules combine 

with each other, allowing them to accurately identify, collect 

data, and measure the quantity of waste. Each of these 

modules is elaborated in the following. 

A1. Garbage Collection Vehicle Module 

Fig. 2 shows the circuit diagram of the Garbage 
Collection Vehicle Module.
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Fig. 2. Circuit diagram of the Garbage Collection Vehicle Module

The garbage collection vehicle module will recognize 
households and will record the waste disposal activities. It has 
a combination of ESP32 microcontroller, RFID-RC522 
reader and LCD display. The RFID reader is scanned on the 
special RFID cards issued to households. When scanned, the 
ESP32 takes the user identification information and checks 
whether the user is authentic. LCD module showcases the 
information that is pertinent like user status and system 
messages. The ESP32 will also transfer the data collected to 
the centralized server through Wi-Fi to monitor them in real-
time. This module provides the proper identification and 
monitoring of waste disposal in the collection point. 

A2. Dumping Yard Module 

Fig. 3 shows the circuit diagram of the Dumping Yard 
Module.The dumping yard module is the one charged with 
the duty of measuring the amount of waste that is collected 
by the vehicle. It consists of an ESP32 microcontroller that 
has an interface with a load cell consisting of an HX711 
amplifier module and an LCD display. The load cell counts 
the weight of the vehicle during the various stages of 
unloading the waste. 

 
 

Fig. 3. Circuit Diagram of the Dumping Yard Module 
 

The HX711 module is used to convert the analogue signal 
of the load cell into the digital signal that is processed using 
the ESP32. The LCD displays the calculated values of weight 
to be used in real time. This module allows proper 
measurement of waste without involving extra processing 
procedures and analysis of data to manage waste effectively. 

B. Software implementation 

The software system also contains an administration and 
user portal through the web. The data about dumping yard is 
presented through the graph of the wet and dry waste of 
sectors A, B and C with the trends by date in the admin portal 
and on the fines and rewards that the user receives. The user 
portal offers a color-coded list of waste disposal (green, when 
completed, red, when missed, yellow, when approved leave), 
keeps track of consecutive missed days to apply a penalty, 
gives the opportunity to mark valid absence days and there is 
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an awareness section with tips on proper waste management 
practices. 

C. System Operation Workflow 

The process starts with the coming of the garbage 
collection vehicle to the household whereby the waste 
tracking process is initiated. The system is left in waiting 
position constantly until such a user scans their RFID card 
with the RFID reader attached to the vehicle. After scanning 
the RFID card, the system will check the identity of the user 
depending on the unique ID assigned to each household. 
Once the authentication is successfully done, the waste 
disposal activity is logged and pertinent information like date 
and time is captured. The ESP32 microcontroller is then used 
to process this information and relay it to the centralized 
server via Wi-Fi to update it in real-time. The system keeps a 
track of the participation of each household and continuously 
tracks the disposal trends. According to this data the system 
will compare the regular disposition of waste by the user or 
failure to dispose waste on consecutive days, which will lead 
to receiving rewards or penalties. 

Fig. 4 shows the flowchart of the proposed system.  

 

Fig. 4. Flowchart of the system 

Once the process of waste collection is over, the vehicle 

proceeds to the dumping yard where the waste is measured. 

As shown in the figure 4, the vehicle will be weighed at 

various points in order to measure the amount of wet and dry 

waste. The obtained data is shown on the LCD and updated 

in the database to be analyzed further. The system then 

updates records of the users, imposes penalties/rewards 

where necessary and stores all the information in the 

centralized system. This workflow will guarantee constant 

monitoring, proper recording of data and effective control of 

waste collection activities. 

D. System Prototyping and Testing 

In order to test the performance of the developed 
prototype and the system of Smart Waste Tracking and 
Monitoring, several operating conditions were taken to test 
the efficiency and reliability of the prototype. The RFID 
module was able to recognize the user and properly document 
the waste disposal events. The ESP32 guaranteed that the 
transmission of the data to the centralized server was done 
with minimal delays. The scales used in the dumping yard 
were accurate and consistent in measuring the volume of the 
wastes, which was properly shown on the LCD. The software 
platform also underwent data visualization and user 
interaction as well as proper application of incentive and 
penalty mechanism. Altogether, the system proved to be of 
good performance, proper data handling and successful 
connection between hardware and software elements. 

V. RESULT AND DISCUSSION 

The performance evaluation and analysis of the proposed 
Smart Waste Tracking and System to monitor are explained 
with the results and discussion section according to practical 
implementation. The system has been put to test in various 
operating conditions to ensure that the system is accurate, 
reliable and efficient. The test cases were performed to test 
such essential functionalities as the identification basing on 
RFID, data transmission, measurement of the waste, and 
introduction of the incentive and penalty mechanism. The 
results received prove the efficiency of the system in terms of 
the adequate waste tracking, real-time monitoring, and 
enhanced user involvement. The test case analysis, 
performance analysis, and major observations based on the 
system are provided in the following sections. 

A. Test cases 

In order to determine the performance and functionality 
of the proposed system, the work with different test cases was 
carried out in different operation conditions. These test cases 
are concerned with the validation of some important elements 
including RFID-based user identification, data transmission, 
waste measurement, and the incentive and penalty 
mechanism implementation. The test cases were all 
structured to make sure that the system is working correctly, 
dependably, and within the specified requirements. The 
obtained results prove the appropriateness of the system 
when it comes to real-time waste monitoring and 
management (table 1). 

TABLE I.  FUNCTIONAL TEST CASES  

Test 

Case ID 
Condition Input Scenario System Response Result 

TC1 
No RFID 

Detected 
No card scanned 

System remains idle; 

LCDs “Scan Card.” 
Pass 

TC2 Valid RFID 
Authorised card 

scanned 

User authenticated, 

data recorded, LCD 

displays status 

Pass 

TC3 
Invalid 

RFID 

Unauthorised card 

scanned 

Access denied; no 

data recorded 
Pass 

TC4 
Data 

transmission 

RFID scan 

completed  

Data sent to server 

via ESP32 and stored 

in database 

Pass 

TC5 
Continuous 

absence 

No waste dumped 

for 4 days 

₹100 fine applied to 

user 
Pass 

TC6 
Regular 

participation 

Waste dumped 

daily 

Reward assigned to 

user 
Pass 

TC7 
Weight 

measurement 

Vehicle placed on 

weighing scale 

Weight displayed on 

LCD correctly 
Pass 

TC8 
Waste 

Calculation 

Multi-stage 

weighing 

performed 

Wet and dry waste 

calculated accurately 
Pass 

TC9 
Vacation 

marked 

User selects leave 

option 

No penalty applied 

for selected days 
Pass 
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TC10 

 

 

 

User 

interface 

display 

 

 
 

User logs into 

portal 

Disposal status 

shown 

(Green/Red/Yellow) 

Pass 

B. Performance Evaluation and System Analysis 

The proposed Smart Waste Tracking and System of 
Monitoring was tested on the basis of the main parameters 
like accuracy, reliability, and real-time data processing. The 
RFID identification system proved to be very accurate in 
identification and authentication of users when disposing of 
waste. ESP32 microcontroller was used to make the data 
conveyed to the centralized server with minimum delay and 
timely fashion. The weighing system in the dump yard 
ensured that there were uniform and accurate measurements 
of the amount of waste and this allowed the wet and dry 
wastes to be accurately traced. On the whole, the system 
worked well within the normal working conditions. 

The system analysis viewpoint has shown that the 
combination of software and hardware created a scalable and 
reliable solution to waste management. The administrators 
and the users could easily access information and monitor the 
database as well because it was centralized and accessible via 
the internet through web-based interfaces. The system of 
incentive and penalty was also successful in enhancing the 
participation and responsibility of users. The system was also 
able to minimize errors and manual work due to automation. 
The findings show that the given system can be used to 
improve transparency, operational efficiency, and data-
driven decision-making in the process of waste management.. 

C. Discussion and Key Observations 

The process of implementing and testing the proposed 
Smart Waste Tracking & System for Monitoring can be 
characterized by a number of significant observations that can 
be made on the level of its effectiveness and practicality. It is 
also evident that the RFID based identification system 
enhances accountability since every activity in waste disposal 
is properly documented at the household level. The IoT 
integration allows real-time delivery of data and centralized 
monitoring that contributes to greater transparency and less 
reliance on manual records keeping. The mechanism of 
measuring waste quantity at the dumping yard gives quality 
data which can be utilized in the study of the waste creation 
patterns in the various sectors. The incentive and penalty 
system is also important in shaping the behavior of the users, 
since it motivates them to dispose of their waste products 
regularly and discourages laxity. The user interface also 
enhances interaction with the user through the provision of 
clear visual feedbacks of color coded indicators and the 
ability of the user to be able to control valid exceptions. 
Altogether, the system indicates a balanced automation, 
monitoring, and human interaction, thus, it is a feasible and 
scalable resolution of the contemporary waste management 
issues. 

VI. CONCLUSION AND FUTURE SCOPE 

The limitations of the traditional waste management 
systems can be overcome with the help of the proposed Smart 
Waste Tracking and System for Monitoring, which offers a 
powerful technological approach to the given issue. The 
system promotes transparency, accountability, and efficiency 

of operations through the incorporation of RFID-based 
identification and IoT-based real-time monitoring. 
Automated tracking can be used to achieve proper recording 
of household involvement in waste disposal, and the 
centralized platform provides effective monitoring and data 
analysis by the municipal authorities. The application of a set 
of rules and punishment will additionally help to promote 
responsible citizenship and increase adherence to waste 
management practices. The experiment findings indicate that 
the system is dependable, offers real-time updates on data and 
minimizes manual oversight. On the whole, the suggested 
system is scalable, affordable and apt to be used as a smart 
city application. 

Although it was effective, a number of opportunities can 
be enhanced in the future. The system can be also enhanced 
with the implementation of some new high-tech technologies, 
like the use of artificial intelligence and machine learning to 
predict waste production and optimize the route. The system 
can be expanded to wider geographical regions to test its 
functionality in the various real world conditions. Also, the 
user interaction can be improved through integration of 
mobile applications by offering notifications, disposal 
tracking and reward management. Additional areas of future 
enhancement might also be aimed at improving the data 
security and system robustness to guarantee the reliable 
performance of the system in a wide range of operational 
conditions. These innovations can make the proposed system 
a more developed and smarter waste management system that 
will lead to sustainable urban development. 
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