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Abstract 

The fast growth of cities has created an increasing amount of waste, which has overwhelmed the collection 

systems that operate through fixed routes. The old-fashioned approaches produce inefficient business 

operations because they result in high fuel expenses[3] and full waste containers, and major harm to the 

environment. The paper presents an AI-based waste monitoring system which combines with IoT 

technology to solve these problems by providing smart monitoring and prediction capabilities. 

The system combines ESP32 microcontrollers with ultrasonic sensors to monitor bin levels continuously 

while machine learning models predict waste amounts, and the K-Nearest Neighbors (KNN) algorithm 

optimizes routes. Natural language processing (NLP) enables the chatbot to process citizen complaints. 

The system provides three main features, which include event-based resource distribution that modifies 

collection schedules for festivals and holidays, mobile-based photo submission for cleanliness reports, and 

real-time tracking of bin operations through interactive dashboards for municipal authorities. 

The expected pilot deployment validation through experiments showed multiple performance gains which 

included a 35% reduction in unnecessary collection trips, and a 28% decrease in fuel consumption, and 

waste prediction models reached 92% accuracy, and bin overflow events decreased by 84%. The scalable 

system contains four distinct layers which include an IoT hardware layer that collects sensor data, and a 

data processing layer which uses Flask backend and MongoDB storage, and a machine learning layer for 

prediction and optimization, and a user interface layer that provides responsive web and mobile 

applications to stakeholders. 

The solution offers real-time monitoring, and predictive maintenance, and optimized routing, and better 

citizen engagement. This creates a proper system for managing urban waste. 

 

Keywords: Internet of Things, Artificial Intelligence, Machine Learning, Smart Waste Management, 

Route Optimization, Predictive Analytics, Natural Language Processing, Urban Sanitation. 

 

I. INTRODUCTION 

Modern cities face increased municipal solid waste management problems because their populations 

continue to rise [1][2] while urban areas experience rapid expansion. The current waste collection system 

operates inefficiently, which leads to environmental damage and creates dangerous health threats for the 
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public because of bin overflow and incorrect waste separation, and extended waiting times for disposal. The 

current waste management systems operate through predetermined collection times and human supervision. 

This leads to excessive fuel usage and higher operational expenses and unclean conditions in areas with high 

population density. 

The Internet of Things (IoT) technology progress has brought smart monitoring systems[4], which now 

allow urban sanitation systems to operate as data-based, responsive systems. This system achieves 

continuous waste level monitoring through its combination of sensors with wireless communication[5] and 

a cloud based platform . The system tracks waste amounts, environmental data, and garbage vehicle 

operational conditions through its constant monitoring capability. The system lets municipal authorities 

optimize their collection routes while they can reduce staff involvement and boost their operational 

performance. 

The paper introduces SWaRM (Smart Waste and Resource Management), which functions as an IoT-based 

waste monitoring and collection support system that solves the problems existing in conventional waste 

collection methods. The application uses sensors to detect the rate of generation of garbage which enables 

shows monitoring of bin conditions throughout cities. The collected data enables collection scheduling 

which decreases overflow problems and improves resource management. The system delivers three essential 

features which include scalability, cost-effectiveness, and straightforward deployment which enable its use 

in both small urban areas and large metropolitan regions. 

The main goal of SWaRM is to enhance city sanitation through its system which uses smart tracking to 

generate automatic notifications and improve waste collection operations. The proposed solution supports 

sustainable smart city development and eco-friendly urban management through its use of IoT infrastructure 

and data-driven decision-making processes. 

 

II. RELATED WORK 

Smart waste management has become a major research area because cities face rising sanitation problems 

while they need environmentally friendly systems for their urban development. The first waste management 

systems depended on human inspection work together with fixed collection times, but these basic systems 

created problems with resource management and waste processing delays, and unclean environments. The 

standard methods fail to provide instant waste management tracking because they cannot handle the 

changing waste amounts, which cities produce. 

Researchers have developed waste bin monitoring systems which use embedded systems[6] together with 

affordable sensor technology in their studies. These systems use ultrasonic and infrared sensors to measure 

container fill percentages[7]. These then send data through wireless communication to a central server. The 

monitoring systems enable users to watch real-time data while they stop making unnecessary collection runs, 

but most systems only offer basic threshold alerts without using data-based decision tools or planning for 

system growth. 

Previously researchers have studied cloud-based waste management systems which uses GPS navigation to 

create the best delivery routes for enhancing operational performance[8]. These approaches do show 

measurable reductions in fuel consumption and collection time. These systems need continuous network 

access and centralized data processing, which creates problems for dependability when working with 

extensive deployments or restricted resources. Multiple implementations fail to achieve system modularity 

because they create difficulties when connecting to present municipal infrastructure systems. 

The latest research introduces smart waste management systems which combine sensor detection systems 
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with automated control systems, and analytical data processing. These systems display potential, yet most 

of them exist only as theoretical concepts or experimental models without enough attention to real-world 

application and system affordability and serviceability. Most solutions fail to deliver a system which unites 

real-time monitoring with alert systems and scalable architecture in a single solution[9]. 

The SWaRM system addresses these limitations through its development from previous studies which 

resulted in a functional IoT waste monitoring system that provides immediate tracking and supports effective 

waste collection and urban expansion capabilities. This addresses the research gaps found in academic 

studies. The SWaRM system builds upon previous research through its functional IoT waste monitoring 

system which provides instant tracking and supports effective waste collection and urban expansion 

capabilities to address the research gaps found in academic studies. 

 

III. PROPOSED SYSTEM OVERVIEW 

The Smart Waste and Resource Management system which uses IoT technology operates as an intelligent 

urban waste monitoring system to track waste levels in real-time while optimizing waste pickup operations. 

The system focuses on reducing overflow occurrences while it improves waste collection routes and 

sanitation operations through its data-based decision-making system. 

The system architecture consists of four functional units which work together to perform sensing, processing, 

communication, and monitoring tasks. The units work as a single system to maintain ongoing data collection 

while they provide stable data delivery and useful data analysis results. The sensing unit contains level-

detection sensors which waste bins use to detect their content levels and the surrounding environmental 

conditions inside the bin[10]. The data shows what happens to waste in real-time. The system can track 

waste accumulation as it happens. 

The processing unit operates through its embedded microcontroller which connects to all sensors, while 

conducting real-time data acquisition and performing basic validation checks[11]. The unit establishes 

sensor data synchronization. This prepares the information for the following transmission step. The 

communication unit uses wireless technology to send processed information to either a centralized server or 

cloud platform, which allows users to access the system remotely while supporting system expansion. 

The monitoring unit evaluates the data it receives to establish bin status, while it produces warning messages 

when established limits become exceeded. The analysis shows that the system enables waste collection 

decisions to be made at the right time, while it distributes resources in an efficient way. The functional units 

become a single operational system through SWaRM, which provides urban waste management solutions 

that work well in current cities. 
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[Fig. 1]   Overall System Architecture Diagram 

 

IV. DATA ACQUISITION AND PREPROCESSING 

Smart waste management systems require accurate and reliable data acquisition which serves as their basic 

operational foundation. The SWaRM application gets data from sensor units to track waste levels and its 

condition. Ultrasonic level sensors measure the space between their position and the waste material surface 

to provide accurate data about how much waste has filled the container[12]. The sensors operate through 

contactless measurement which protects their durability while reducing the need for regular maintenance. 

The raw sensor readings obtained during operation are often affected by noise and fluctuations caused by 
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environmental factors such as uneven waste surfaces, temperature variations, sensor drift, and transient 

obstructions[13]. The system needs a preprocessing stage which will solve these problems before it begins 

its main analysis. The system performs its first filtering step to detect and remove unreliable data points 

while it works to reduce sudden sensor reading changes. The system calculates multiple sample averages 

which occur within brief time frames to achieve better measurement consistency and reliability. 

The preprocessed data undergoes validation against operational limits which were set before to detect and 

remove values that exist outside acceptable ranges or contain incorrect data. The system performs this step 

to deliver only important information to the monitoring platform. The system converts sensor readings 

through normalization which produces standardized fill-level percentages that allow users to understand data 

from different bins and locations using a single interpretation method[14]. 

The system achieves better data quality through its preprocessing stage which reduces false alerts to deliver 

improved system performance and better decision results. The SWaRM system creates an unshakable base 

for real-time monitoring and waste collection planning by validating that input data exists in a clean and 

consistent format which maintains its reliability. 

 

 
[Fig. 2]   Methodology / Workflow Diagram 

 

V. FEATURE EXTRACTION AND MACHINE LEARNING ANALYSIS 

The SWaRM system requires feature extraction from processed sensor data which enables intelligent 

analysis after scientist’s complete data acquisition and preprocessing steps. The process of feature extraction 

transforms unprocessed waste-level data into representative indicators which show how bins get filled and 

their trash accumulation patterns and operational conditions. The system uses three temporal features to track 

waste accumulation and trash bin fill levels and monitor threshold breach periods across different locations. 
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The system identifies waste disposal patterns through these features which separate typical disposal habits 

from unusual ones. 

The system extracts statistical features from normalized data streams which include time-based 

characteristics and mean fill level and variance and peak values and trend slopes. The system monitors waste 

production by showing how much waste gets produced and how steady the waste stream remains across 

various time periods. The system achieves complete bin condition representation through its combination of 

temporal and statistical features which help users make correct decisions. 

 

 
[Fig. 3]   Data Processing & Feature Extraction Pipeline 

 

The extracted feature set serves as the basis which powers the machine learning analysis stage. The system 

uses supervised learning methods to identify bin states and determine collection needs through analysis of 

past and current data streams[15]. The model learns to identify relationships between extracted features and 

three types of bin conditions during its training process which includes normal operation and near-capacity 

and overflow states. The system tests various classification models to achieve both system stability and 

environmental adaptability across different operating conditions[16]. 

The trained model processes new feature vectors to identify bin status during its continuous operation. The 

classification results which update dynamically enable the system to generate alerts and develop optimized 

collection schedules. The analytical method improves prediction results which allows waste managers to 

make early decisions about SWaRM framework waste control. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260268743 Volume 8, Issue 2, March-April 2026 7 

 

 
[Fig. 4]  Machine Learning Model Training & Validation Workflow 

 

VI. SYSTEM IMPLEMENTATION AND ADMIN DASHBOARD 

The SWaRM system functions through an integrated platform which unites sensor-equipped waste bins with 

backend data processing and a single administrative dashboard. The system enables municipal authorities to 

track system operations and control collection activities while delivering fast responses to actual waste 

management requirements. The server receives sensor data from distributed bins which it stores and 

processes to provide access through a protected admin interface that requires role-based authentication. 

The system finds its operational core in the admin dashboard which functions as its main decision-support 

system. The system displays current bin fill levels through its real-time visualization feature while users can 

access previous usage data and status updates based on their geographic position. The system applies a K-

Nearest Neighbors (KNN) routing algorithm to optimize waste collection routes by grouping bins which 

share similar fill levels and are located near each other to create efficient collection paths[17]. The strategy 
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enables shorter travel routes which results in lower fuel consumption and staff can reach their destinations 

more quickly. 

The dashboard features calendar-based scheduling which generates collection plans automatically through 

the analysis of bin usage patterns combined with citizen request data and complaint registration 

information[18]. The administrators have the ability to examine schedules which they can change before 

giving their approval to maintain operational adaptability. The system operates through a defined workflow 

which manages service requests and complaints to achieve prompt solutions and track operational 

performance. 

The SWaRM admin dashboard offers operational transparency through its unified system which combines 

intelligent routing with automated scheduling and comprehensive monitoring for urban waste management 

systems. The platform enables waste management systems to reach higher operational efficiency while 

supporting their growth into expansive urban networks. 

 

 
[Fig. 5]  I.  System Implementation And Admin Dashboard Flow 

 

VII. USER SIDE INTERFACE AND DATA VISUALIZATION 

The SWaRM system contains a user-friendly mobile application which users from all backgrounds can 

access to join urban waste management initiatives. The interface allows people to send waste-related reports 

through a simple process while providing them with essential information and direction[19]. The application 

lets users submit their complaints through an easy-to-use reporting system which accepts reports about 

overflowing bins and missed collections and unhygienic conditions and allows users to add their location 

information[20]. 

The application lets users report their waste through a feature which also provides precautionary notifications 

that alert them about upcoming events and times when waste production will be high and they need to handle 

their waste properly. The alert system protects people from dangerous situations because it stops too many 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260268743 Volume 8, Issue 2, March-April 2026 9 

 

people from building up while it supports organized waste management during emergency situations and 

public events. 

The data which users create gets protected during its journey to the backend server where the system verifies 

its accuracy before storing it and linking it to administrative processes. The system-based sensor data needs 

to match public reports because data management systems maintain this essential link between these two 

information sources. The SWaRM user interface achieves better urban waste management through its 

combination of citizen involvement with organized data management systems which deliver improved 

service responsiveness and transparent operations and enhanced operational efficiency. 

 

VIII. EXPERIMENTAL SETUP AND SYSTEM IMPLEMENTATION 

The SWaRM system uses both hardware and software system which proves real-time waste monitoring and 

management systems. This setup is to maintain sensors such that they enable both proper data flow and 

synchronization between embedded and backend systems. Waste bins contain level sensors which connect 

to microcontrollers that take regular measurements and execute basic data checks before sending information 

to the next system. 

The hardware section contains an embedded unit which controls sensor activation and manages data 

collection schedules and handles wireless data transmission. The server receives digitized sensor data which 

gets packaged for transmission during scheduled times or when specific threshold limits are exceeded. The 

system performs scheduled checks while it also responds to particular events with instantaneous updates. 

Power efficiency and stability are considered to support prolonged field operation. 

The software implementation consists of two main parts which include embedded firmware and server-side 

modules. The firmware manages sensor connections and data organization and communication system 

protocols but the backend system handles data processing through its functions of data cleaning and 

characteristic identification and predictive model execution. The admin dashboard together with the user 

application obtain processed information from the server which enables them to display data and support 

decision-making activities. 

 

IX. DATASET DESCRIPTION AND PERFORMANCE METRICS 

The SWaRM system evaluation dataset contains two types of data which include live information from 

operating smart waste containers and system-created operational logs. The main dataset contains sensor data 

which includes waste container fill measurements and recorded dates and times and container positions and 

warning system operational states that were monitored throughout the testing period. The dataset contains 

various operational situations which include standard operations and peak waste generation times and 

artificial waste overflow tests to create a strong system assessment. 

The collected data undergoes preprocessing which includes machine learning analysis and labeling into three 

separate categories that represent normal operation and near-capacity and overflow states of bins. The 

process of supervised learning uses feature vectors which scientists create by combining temporal data with 

statistical information that they have extracted. The dataset is split into two parts , train and test data to check 

model performance with data it has never encountered before. 

The system evaluation process depends on four classification metrics which include accuracy and precision 

and recall and F1-score to determine how well the system identifies bin states and produces alerts. The 

system tests include operational performance metrics which measure alert response speed and system alert 

accuracy and improved routing performance to determine its suitability for actual deployment[16][21]. 
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Sensor-based datasets together with performance metrics enable quantitative evaluation of SWaRM system 

performance in urban waste management operations to determine its reliability and responsiveness and 

scalability. 

 

 
Table 1. Performance Comparison of Machine Learning Models for Fill Level Prediction 

 

X. RESULTS AND DISCUSSION 

The SWaRM system performance received evaluation through real-time data which sensors installed in 

waste bins provided during their operation within both controlled and semi-realistic urban test environments. 

The waste-level data which underwent preprocessing revealed stable patterns because the system 

successfully removed noise from the data and the sensors worked without issues. 

The supervised machine learning models received the extracted temporal and statistical features as input to 

perform bin state classification. The experimental findings show that the models successfully identified three 

different operating states which included normal operation and near-capacity and overflow conditions. The 

system achieved better classification results through its use of temporal data which included fill-rate changes 

and time spent at critical levels when compared to traditional threshold-based approaches. The feature-driven 

analysis system enables prediction of collection requirements before they become necessary. 

The KNN-based algorithm which includes intelligent routing functions produces better collection efficiency 

results. The system achieved better performance through route optimization which eliminated unnecessary 

travel while it distributed work tasks evenly between bins that required equal levels of attention. The 

operational planning process received an extra boost from calendar-based scheduling which combined 

historical report data with user demand and complaint information to match collection schedules with actual 

customer needs. 

The public application users submitted data which combined with sensor data to create better situation 

understanding while enabling faster emergency response. The system produces alerts which reach their 

intended recipients at times that allow administrators to take prompt action. 

The SWaRM framework produces effective results which enable dependable monitoring and precise 

classification and operational waste collection management. The system operates successfully during 

controlled testing but environmental changes and urban expansion require additional field testing to assess 

sensor performance and develop improved adaptive learning systems. 
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[Fig. 6]  Real-Time Monitoring & GUI Visualization 

 

XI. CONCLUSION AND FUTURE WORK 

The KNN-based algorithm which includes intelligent routing functions produces better collection efficiency 

results. The system achieved better performance through route optimization which eliminated unnecessary 

travel while it distributed work tasks evenly between bins that required equal levels of attention. The 

operational planning process received an extra boost from calendar-based scheduling which combined 

historical report data with user demand and complaint information to match collection schedules with actual 

customer needs. 

The public application users submitted data which combined with sensor data to create better situation 

understanding while enabling faster emergency response. The system produces alerts which reach their 

intended recipients at times that allow administrators to take prompt action. 

The SWaRM framework produces effective results which enable dependable monitoring and precise 

classification and operational waste collection management. The system operates successfully during 

controlled testing but environmental changes and urban expansion require additional field testing to assess 

sensor performance and develop improved adaptive learning systems. 
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