
INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING, 

MANAGEMENT & APPLIED SCIENCE (IJLTEMAS) 

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XIV, Issue VI, June 2025 

www.ijltemas.in                                                                                                                                                 Page  1086 
 

 

SWAMIS: A Low-Cost, IoT-Driven Smart Waste Bin System for 

Sustainable Urban Waste Management 

Ako, Rita Erhovwo1, Imomo Faith2, Okoro Akpohrobaro Daniel3, Okpako Ejaita Abugor4, Geteloma Victor Ochuko5 

1,2,3,5Department of Computer Science, Federal University of Petroleum Resources, Effurun, Nigeria. 

4Department of Cyber Security, University of Delta, Agbor, Nigeria. 

DOI: https://doi.org/10.51583/IJLTEMAS.2025.1406000120 

Received: 26 June 2025; Accepted: 01 July 2025; Published: 25 July 2025 

Abstract: The growing demands of urban waste management require intelligent, sustainable, and automated solutions. This study 

presents the design and development of a Smart Waste Bin System that leverages microcontroller technology and Internet of Things 

(IoT) (SWAMIS) connectivity to address the inefficiencies of conventional waste disposal methods. The system integrates an 

ESP32 microcontroller with ultrasonic sensors to monitor waste levels in real-time and incorporates an infrared sensor for 

automated, contactless lid operation, enhancing hygiene and user convenience. Once the waste exceeds a predefined threshold, the 

system transmits notifications via wireless communication modules to a centralized monitoring platform, enabling prompt and 

efficient waste collection and management.  A mobile application, based on Bluetooth technology, facilitates remote user interaction 

with the bin. The prototype demonstrates improved waste collection efficiency, reduced overflow incidents, and lower operational 

costs, particularly in high-traffic urban areas. Through performance testing, the system has proven reliable, scalable, and adaptable 

for smart city applications. The findings highlight the potential of microcontroller-based smart bins as a viable solution for 

addressing modern waste management challenges, thereby contributing to environmental sustainability and public health. 
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I. Introduction 

The rapid increase in global urbanization and population growth has led to a significant rise in solid waste generation, posing major 

challenges for effective waste management. Traditional waste collection methods, which rely on fixed schedules and passive waste 
bins, often result in overflowing bins, unsanitary environments, and inefficient resource utilization. These shortcomings not only 

affect public health and environmental quality but also increase operational costs for municipal waste management agencies. 

The integration of smart technologies in waste management has emerged as a promising solution to these challenges. Recent 

advancements in microcontroller technology and the Internet of Things (IoT) have enabled the development of intelligent waste 

disposal systems that provide real-time monitoring, automated control mechanisms, and improved operational efficiency. Among 

these innovations, microcontroller-based smart waste bins have gained considerable attention due to their affordability, scalability, 

and potential to enhance both hygiene and resource management. 

Smart bins equipped with sensors and wireless communication modules can monitor waste levels, automate lid operations, and 

transmit data to centralized monitoring platforms. Such features facilitate optimized waste collection schedules, minimize fuel 

consumption, and reduce the environmental impact associated with unnecessary collection trips. Moreover, the contactless 

operation of smart bins promotes improved hygiene, particularly in public spaces such as hospitals, markets, and recreational areas. 
Despite these technological advancements, there remains a lack of affordable, user-friendly, and reliable smart waste management 

solutions suitable for widespread adoption, particularly in developing regions. This paper presents the design and development of 

a Smart Waste Bin System utilizing microcontroller and IoT technologies (SWAMIS). The system integrates ultrasonic sensors for 

real-time waste level detection, an infrared sensor for automated lid operation, and Bluetooth connectivity for remote monitoring 

and control via a mobile application. The prototype is designed to enhance waste collection efficiency, reduce overflow incidents, 

and promote sustainable urban waste management practices. 

II. Literature Review 

The growing volume of municipal solid waste, driven by rapid urbanization and population growth, presents complex challenges 

for cities worldwide. Conventional waste management systems, often characterized by fixed collection schedules and passive 

disposal bins, struggle to address issues such as overflowing bins, inefficient resource allocation, and environmental pollution. To 

overcome these limitations, the application of smart technologies, particularly microcontroller-based waste disposal systems, has 

gained significant attention. Smart bins represent an innovative approach to waste management, combining sensors, 
microcontrollers, and wireless communication technologies to provide real-time waste monitoring and automated control 

mechanisms. Numerous studies have explored the integration of such technologies to enhance the efficiency and sustainability of 

urban waste management. (1), (2), (3) proposed an IoT-enabled smart waste management system that utilized ultrasonic sensors 

and GSM modules to provide real-time monitoring and optimize collection routes. Their system demonstrated improved operational 

efficiency and reduced waste overflow incidents. Similarly, (4), (5) developed a smart bin incorporating ultrasonic sensors and 
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GSM communication to facilitate timely waste collection, highlighting its potential to lower operational costs and enhance urban 

cleanliness. 

The use of microcontrollers such as Arduino, Raspberry Pi, and ESP32 has become prevalent due to their affordability, flexibility, 

and ease of integration with sensors and communication modules. (6), (7) (8) employed an Arduino-based system with ultrasonic 
sensors to monitor bin fill levels, while (8, 9, 10) utilized an ESP32 microcontroller with IoT connectivity to enable real-time data 

transmission and remote monitoring. 

Energy efficiency remains a critical consideration for the sustainability of smart bins, particularly in remote or off-grid locations. 

(11, 12, 13) Addressed this challenge by integrating solar panels into smart bin designs, enabling autonomous operation and 

reducing the environmental footprint associated with battery-powered systems. 

Recent research has also explored the integration of advanced features such as machine learning, computer vision, and AI-based 

predictive analytics to enhance the functionality of smart bins. (15) introduced a machine learning-based system capable of 

predicting waste levels and optimizing collection schedules, while  (15–18) demonstrated the effectiveness of camera-equipped 

smart bins for automated waste sorting and improved recycling efficiency. 

Communication technologies play a vital role in ensuring reliable data transmission from smart bins to central monitoring platforms. 

Studies have investigated the use of Bluetooth, Wi-Fi, LoRaWAN, and 5G for facilitating real-time monitoring and remote control  
(19) (20), whereas (21) emphasized the advantages of 5G networks for enhanced data transmission speed and system 

responsiveness. Despite these advancements, several challenges remain, including network reliability, energy consumption, and the 

high cost of deploying advanced sensor technologies. Furthermore, there is a need for user-friendly and affordable smart bin systems 

that are accessible to communities in developing regions. This study builds upon the existing body of knowledge by developing a 

microcontroller-based Smart Waste Bin System with ultrasonic sensors for real-time monitoring, infrared sensors for automated lid 

operation, and Bluetooth connectivity for remote control via a mobile application. The proposed system aims to address operational 

inefficiencies, enhance user convenience, and support sustainable waste management practices. 

Table 1: Meta-Analysis of Existing Smart Bin Technologies 

Author(s) & 

Year 

Technology/Approach Strengths/Contributions Identified Gaps/Limitations 

(21) LoRaWAN for long-range 

smart bin communication 

Low-power, long-distance 

communication is suitable for wide 

areas 

Limited data transmission speed 

for real-time applications 

(15) Solar-powered smart bin with 

Bluetooth module 

Renewable energy integration and 

mobile-based control 

Limited communication range 

with Bluetooth technology 

(4) Ultrasonic sensors with GSM 

communication 

Improved waste collection efficiency 

and reduced operational costs 

No integration with mobile apps 

or advanced analytics 

(6) Arduino-based smart bin with 

ultrasonic sensors 

Low-cost design, accurate waste level 

detection 

Lacks remote monitoring and 

data-driven optimization 

(19) Smart bin with camera for 

automated waste sorting 

Improved recycling through object 

recognition 

High cost and complexity, 

environmental robustness 

untested 

(9) ESP32 microcontroller with IoT 

connectivity 

Real-time data transmission, cloud-

based monitoring 

Energy efficiency was not 

addressed 

(12) Solar-powered smart bin Enhanced sustainability for off-grid 

locations 

Limited to basic sensor 

functions, no remote control 

(1) IoT-based smart bins with 

ultrasonic sensors & GSM 

Real-time monitoring, optimized 

collection, reduced overflow 

Limited to GSM; scalability and 

multi-sensor integration needed 

Chacón-albero 

et al., (2025) 

Machine learning-enabled smart 

bin 

Predictive analytics for waste level 

forecasting 

High computational 

requirement limits low-cost 

deployments 

Summary of Observations: 

 Ultrasonic sensors are widely adopted for fill-level detection due to their affordability and reliability. 

 Power efficiency and renewable energy integration (e.g., solar panels) are emerging priorities. 

 Most systems lack affordable, scalable solutions with combined real-time monitoring, automated operation, and user-

friendly control interfaces. 

 Advanced features such as AI, machine learning, and computer vision are promising but increase system complexity and 

cost. 



INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING, 

MANAGEMENT & APPLIED SCIENCE (IJLTEMAS) 

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XIV, Issue VI, June 2025 

www.ijltemas.in                                                                                                                                                 Page  1088 
 

 

The system proposed in this study addresses these gaps by providing an affordable, microcontroller-based smart bin that combines 

ultrasonic waste monitoring, automated lid operation, and Bluetooth-based mobile control, offering a practical solution for 

community-level waste management. 

III. Methodology and System Development 

The development of SWAMIS involved the integration of microcontroller-based control, sensor modules, and wireless 

communication to enhance waste disposal efficiency. The Arduino Uno microcontroller was selected for its affordability, simplicity, 

and compatibility with the system’s components. Ultrasonic sensing technology was employed for accurate, real-time detection of 

waste levels. When the fill level exceeds a preset limit, alerts are generated to prompt timely waste collection, reducing overflow 

incidents. 

To ensure hygienic operation, an IR sensor enables automated, contactless lid opening when a user approaches the bin (23). A 

Bluetooth module facilitates wireless communication with a user-friendly mobile application, which provides bin status updates 

and remote control functions within a short-range radius. The prototype was constructed using locally available materials to promote 

affordability and ease of deployment. System testing included laboratory trials for sensor accuracy, lid responsiveness, and app 

functionality, followed by real-world testing under varying environmental conditions. The results confirmed that SWAMIS offers 

an efficient, affordable, and user-friendly solution for urban waste management, with potential for integration into smart city 

infrastructure. 

Proposed System Architecture 

The SWAMIS is designed to provide seamless interaction between its sensing, control, and communication components.  

Figure 1 illustrates the proposed system's architecture, highlighting the interactions between hardware components and 

communication pathways. 

 

 

 

 

 

 

 
 

 

 

 

Figure 1: Proposed System Architecture 

 

At the core of the system is an Arduino Uno microcontroller, responsible for processing inputs from various sensors and controlling 

the automated lid mechanism. 

 
Figure 2: Arduino Uno microcontroller 

 

An ultrasonic sensor mounted at the top of the bin monitors the waste level by measuring the distance to the waste surface. Once 

the bin reaches a predefined fill threshold, the system triggers a visual or mobile alert to indicate that waste collection is required. 

An infrared (IR) sensor positioned near the lid detects user proximity, prompting the microcontroller to open the lid automatically 

for contactless waste disposal. This enhances hygiene and convenience, particularly in public spaces. 
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Figure 3: Ultrasonic Sensor 

 

The system also integrates a Bluetooth module, enabling wireless communication with a dedicated mobile application. Through the 

app, users can monitor the bin's status and operate the lid remotely within a 10-meter range. 

Powered by a rechargeable battery, SWAMIS offers flexibility for deployment in both indoor and outdoor environments. The 

system's architecture is illustrated in Figure 1, detailing the interaction between hardware components and communication 

pathways. 

 
Figure 4: Rechargeable Battery 

IV. Results and Discussion 

The Smart Waste Bin System prototype was developed, tested, and evaluated to determine its performance in addressing common 

waste management challenges. The system incorporates an Arduino microcontroller, ultrasonic sensors for real-time waste level 

detection, an infrared sensor for automated, contactless lid operation, and a Bluetooth module for remote control via a mobile 

application. 

Laboratory and controlled outdoor tests were conducted to assess the functionality, responsiveness, and reliability of the system. 

The results demonstrate that the developed system effectively enhances waste disposal convenience, improves hygiene, and 

optimizes waste collection processes. 

Key Performance Features 

Table 2 summarizes the key performance metrics recorded during system testing: 

Table 2: Performance Features of the Developed Smart Bin System 

Feature Performance Outcome 

Waste Level Detection Accuracy ±1.5 cm using an ultrasonic sensor 

Automated Lid Operation Range Approx. 30 cm (reliable infrared sensor response) 

Lid Response Time Less than 1 second for opening and closing 

Mobile App Control Range Up to 10 meters via Bluetooth 

Bluetooth Connection Stability Stable and responsive within the effective range 

Power Source Battery-powered (6 - 8 hours continuous operation) 

Environmental Tolerance Minor sensor fluctuations under windy conditions 

The ultrasonic sensor accurately monitored waste levels within the bin, triggering alerts when the bin approached capacity. The 

infrared sensor ensured reliable, hygienic lid operation, while the Bluetooth module allowed seamless interaction via the mobile 
application. These features collectively address key limitations of conventional waste bins, such as overflow incidents, manual 

handling, and lack of real-time monitoring. 

Comparison with Existing Smart Bin Systems 

The developed Smart Waste Bin System was compared to selected existing smart bin designs from related studies, focusing on key 

functionalities. Table 3 provides a summary of this comparison. 
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Table 3: Comparison of Developed Smart Bin System with Existing Solutions 

System Waste Level 

Monitoring 

Lid Operation Remote 

Control 

Power 

Source 

Additional Features 

Ali et al. (2019) Ultrasonic Sensors Manual GSM alerts 

only 

Battery Limited to SMS notifications 

Reddy et al. 

(2020) 

Ultrasonic Sensors Manual GSM alerts 

only 

Battery Optimized collection routes 

Patil et al. 
(2020) 

Ultrasonic Sensors Manual None Solar-
powered 

Sustainable off-grid system 

Kumar & Singh 

(2020) 

Ultrasonic Sensors Manual Bluetooth Battery Energy-efficient design 

This Study 

(2024) 

Ultrasonic Sensors 

(±1.5 cm) 

Automated, 

Contactless 

Bluetooth 

(10m) 

Battery Affordable, user-friendly, 

hygienic design 

Compared to existing systems, the developed prototype offers a balanced, affordable solution that combines automated lid 

operation, reliable real-time monitoring, and convenient mobile-based control. While some systems incorporate advanced features 

like solar power or GSM alerts, many lack contactless operation or user-friendly remote interaction, which this design addresses 

effectively. 

The system's limitations include reliance on short-range Bluetooth connectivity and the environmental sensitivity of the ultrasonic 

sensor. Future enhancements may explore integrating longer-range communication protocols (e.g., LoRaWAN) and improved 

environmental protection for outdoor deployment. 

V. Conclusion and Recommendations 

This study presents the design and development of a Smart Waste Bin System utilizing microcontroller and IoT technologies to 
enhance waste disposal efficiency, hygiene, and user convenience. The prototype integrates an Arduino microcontroller, ultrasonic 

sensors for real-time waste level monitoring, an infrared sensor for automated lid operation, and Bluetooth connectivity for remote 

interaction via a mobile application. 

Performance evaluations confirmed that the system reliably detects waste levels with an accuracy of ±1.5 cm, provides responsive, 

contactless lid operation, and offers stable Bluetooth-based control within a range of 10 meters. Compared to conventional waste 

bins and selected existing smart bin designs, the developed system addresses key limitations by offering affordable automation, 

real-time monitoring, and enhanced accessibility, particularly for individuals with limited mobility. 

The smart bin system contributes to sustainable urban waste management by reducing manual intervention, minimizing overflow 

incidents, and supporting optimized waste collection. Its user-friendly design and low-cost components make it suitable for 

deployment in both public and private settings, particularly in communities where affordability and ease of use are essential. 

Despite these positive outcomes, the system's reliance on short-range Bluetooth connectivity and sensitivity to environmental 
conditions presents limitations. Future work should explore the integration of long-range communication technologies, such as 

LoRaWAN or GSM, to expand system coverage. Additionally, enhancing environmental protection for the sensor components and 

incorporating renewable energy options, such as solar power, would improve the system's resilience and sustainability.  

Further research could also investigate the use of machine learning and advanced data analytics to predict waste generation patterns 

and optimize collection schedules dynamically. Such enhancements would strengthen the system's role in supporting smart city 

initiatives and advancing sustainable waste management practices. 

VI. Conclusion 

This study developed an affordable Smart Waste Bin System that combines microcontroller technology, real-time monitoring, and 

automated lid operation to enhance waste management efficiency. The prototype demonstrated reliable waste level detection, 

responsive contactless operation, and user-friendly mobile control. Compared to existing designs, the system offers practical 

advantages in hygiene, accessibility, and operational efficiency. While Bluetooth range and environmental factors present minor 

limitations, the system provides a viable foundation for community-level smart waste management. Future work will focus on 
extending communication range, improving environmental durability, and exploring renewable energy integration to enhance 

system scalability and sustainability. 
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