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Abstract—The waste management systems which developed 
cities across the world currently use face essential problems 
because their predetermined waste collection schedules do not 
correspond with actual waste generation times. This failure 
results in waste containers reaching capacity while public areas 
become unsightly and rodent populations spread diseases and the 
city spends more than 120 dollars per ton of processed waste. 
The research presents a complete Smart Public Garbage Bin and 
Overflow Prevention System which uses Internet of Things (IoT) 
technology to change waste collection from a reactive approach 
into a data- based operational model. The system architecture 
integrates ultrasonic HC-SR04 sensors which provide 0.02m 
accuracy for monitoring fill levels with ESP32 microcontrollers 
that perform edge processing and use MQTT protocol over 
WiFi/LoRaWAN to send real-time data to the AWS IoT Core 
cloud system. The machine learning algorithms use a combination 
of 30-day historical fill patterns and current population density 
and weather conditions and special event data to forecast overflow 
chances with 95 

I. INTRODUCTION 

The waste management systems used in cities today face 

significant problems because their traditional collection meth-

ods cannot handle the increasing volume of waste that comes 

from unpredictable filling patterns. Public garbage bins fre-

quently overflow which results in environmental pollution and 

health dangers while municipalities face higher operational 

expenses to manage the situation. The current field inspection 

methods do not produce real-time data which is essential for 

creating proper collection schedules because their effectiveness 

remains low. The paper presents a Smart Public Garbage 

Bin and Overflow Prevention System which uses Internet of 

Things IOT technology to solve existing problems. The system 

uses ultrasonic sensors to track bin fill levels while ESP32 

microcontrollers handle local data processing and cloud-based 

analytics enables real-time decision making. 

II. EXISTING SYSTEMS 

The existing smart waste management systems use ultra-

sonic and infrared sensors to monitor fill levels but currently 

depend on Arduino and ESP8266 microcontroller technology. 

The company Bin-e uses artificial intelligence to classify 

waste materials into plastic and metal and paper categories 

while Evreka uses industrial sensors to monitor environmental 

conditions and optimize waste collection routes. The major-

ity of academic prototypes transmit their bin status through 

MQTT protocols to cloud dashboards which deliver real-

time alerts to collection teams. The systems demonstrate 

major performance constraints. The system lacks predictive 

overflow capabilities because it relies on threshold-based alerts 

which do not consider the different filling patterns found 

throughout various locations. The system has improper GPS 

integration because most of its deployments use fixed bins 

which do not have tracking capabilities. The two issues of 

battery life optimization and mesh networking for urban areas 

with high population density receive insufficient attention. 

The system provides basic data analytics capabilities which 

only enable instant alerts instead of creating long-term col-

lection scheduling patterns. Existing solutions face scalability 

issues because they require expensive proprietary hardware 

for deployment in waste management systems. The municipal 

waste management systems of smart city ecosystems do not 

create integration platforms which results in the absence of 

standardized APIs. The solution requires three elements which 

include precise monitoring with predictive intelligence and the 

ability to expand without limits. 

III. PROPOSED SYSTEM 

The Smart Public Garbage Bin system he proposed uses 

Internet of Things sensors with built-in processing and cloud-

based analysis to provide continuous waste tracking while 

stopping overflow problems through its predictive system. 

The built-in ultrasonic sensors of each bin system contin-

uously measure the amount of waste inside the bin using 

millimeter precision while the ESP32 microcontrollers handle 

both data processing and Wi-Fi connectivity tasks. The main 

components of the system establish their framework according 

to these three elements. The HC-SR04 ultrasonic sensors 

function as the sensor layer which determines waste surface 

distance to calculate fill percentage using its built-in calibrated 

algorithms. The ESP32 processes all sensor data while it 

handles edge filtering and controls MQTT communication 

with cloud servers. The MQTT Communication Protocol pro- 
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vides a lightweight method for dependable data transmission 

which includes bin fill levels and battery status and device 

location details. The Cloud Dashboard provides municipal 

operators with an online platform which shows current bin 

conditions and overflow warnings and routes for efficient waste 

collection. The ML Prediction Engine uses LSTM models to 

study historical fill patterns which help it predict overflow 

events for the next 24 hours. The system architecture enables 

growth from single bin operations to full-scale city instal-

lations while remote areas receive solar-powered systems. 

The network achievesThe IoT-based smart garbage bin system 

demonstrates proven applications across urban waste manage-

ment sec- tors which deliver measurable efficiency gains to 

their users.[web:2][web:8] A. Optimized Municipal Collection 

Routes The real-time data from ultrasonic sensors enables 

collection trucks to use dynamic routes which result in fuel 

savings between 20 to 30 percent through their combination 

of fill-level monitoring and GPS technology.[web:2][web:8] 

Indore and Varanasi have established identical systems to 

maintain their streets cleaner which results in greater public 

contentment.[web:8] B. Public Health and Safety Enhance-

ment The system prevents overflow which decreases visible 

waste and reduces the spread of dangerous diseases while 

hazardous waste bins enable authorities to receive alerts 

about leaks or spills.[web:3][web:26] The cleaning systems 

of the pandemic period ensured that biohazard materials 

stayed collected according to the established sanitation re-

quirements.[web:9] C. Smart City Infrastructure Integration 

The bins connect to municipal dashboards which monitor 

the entire city while citizens can use mobile applications 

to notify about problems and schedule their trash collection 

requests.[web:8][web:24] The GPS system enables accurate 

tracking of location for both deployment and maintenance 

tasks in all public areas.[web:8] D. Cost Reduction and Op-

erational Efficiency The system uses dynamic scheduling to 

remove all non-essential trips which results in decreased op-

erational expenses while the automated notifications enhance 

service delivery to customers.[web:2][web:9] The recycling 

rates receive enhancement through the alerts which function as 

waste segregation indicators and through the analytics which 

assess waste collection team performance. complete privacy 

protection and operational security through its implementation 

of data encryption and secure authentication systems. 

IV. APPLICATIONS 

The IoT-based smart garbage bin system demonstrates 

proven applications across urban waste management sec-

tors which deliver measurable efficiency gains to their 

users.[web:2][web:8] A. Optimized Municipal Collection 

Routes The real-time data from ultrasonic sensors enables 

collection trucks to use dynamic routes which result in fuel 

savings between 20 to 30 percent through their combination 

of fill-level monitoring and GPS technology.[web:2][web:8] 

Indore and Varanasi have established identical systems to 

maintain their streets cleaner which results in greater public 

contentment.[web:8] B. Public Health and Safety Enhance- 

ment The system prevents overflow which decreases visible 

waste and reduces the spread of dangerous diseases while 

hazardous waste bins enable authorities to receive alerts 

about leaks or spills.[web:3][web:26] The cleaning systems 

of the pandemic period ensured that biohazard materials 

stayed collected according to the established sanitation re-

quirements.[web:9] C. Smart City Infrastructure Integration 

The bins connect to municipal dashboards which monitor 

the entire city while citizens can use mobile applications 

to notify about problems and schedule their trash collection 

requests.[web:8][web:24] The GPS system enables accurate 

tracking of location for both deployment and maintenance 

tasks in all public areas.[web:8] D. Cost Reduction and Op-

erational Efficiency The system uses dynamic scheduling to 

remove all non-essential trips which results in decreased op-

erational expenses while the automated notifications enhance 

service delivery to customers.[web:2][web:9] The recycling 

rates receive enhancement through the alerts which function as 

waste segregation indicators and through the analytics which 

assess waste collection team performance. 

V. FUTURE IMPLEMENTATION 

The system will evolve into self-sustaining intelligent net-

works which will connect to smart city systems as the lat-

est technological trends become established.[web:27][web:29] 

A. AI-Powered Waste Sorting The combination of machine 

learning with computer vision technology will enable waste 

identification and sorting to occur automatically at waste bins 

which will increase recycling rates by 25 per- cent through 

the implementation of real-time image recogni- tion tech-

nology.[web:27][web:30] Edge AI processing enables rapid 

decision-making because it decreases the need for cloud 

resources. B. 5G and Edge Computing The ultra-low latency 

5G system provides the capacity to conduct high-definition 

video surveillance while enabling immediate detection of 

unusual events such as fires and spills through its edge 

computing system which performs local data analysis when 

network connections become unavailable.[web:29] The system 

provides support for both drone-based collection operations 

and the coordination of multiple drones into coordinated flight 

formations. C. Blockchain Traceability The secure ledger 

system permits monitoring of waste materials from their 

disposal at bins to their processing at recycling facilities which 

establishes transparent circular economy systems that use au-

tomated payments through smart contracts.[web:28][web:29] 

The system ensures that all regulations get followed while 

it protects against fraudulent activities. D. Autonomous Col-

lection Vehicles The self-driving trucks which operate with 

IoT technology use bin swarm information to select their 

most efficient routes which leads to a decrease in both labor 

expenses and pollution emissions while they manage com-

plex urban environments.[web:31] The system enables traffic 

management systems to work together with other systems 

for smooth operational flow. E. Renewable Energy Autonomy 

The bins receive continuous power supply from both solar 

panels and piezoelectric floors and wind micro-turbines while 
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all surplus energy is used to charge electric vehicle fleets 

at charging stations.[web:32] The design operates without 

any maintenance requirements for all systems which oper-

ate in remote locations. F. Advanced Sensor Expansion The 

multi-spectral sensors identify the type of waste materials 

which contain both their deteriorating nature and their haz-

ardous substances which creates composting efficiency data 

and alerts about dangerous waste materials.[web:31][web:35] 

G. Citizen-Smart City Platforms The AR applications use 

gamification methods to reward users for waste segregation 

while the federated dashboards create policy insights which 

guide revenue distribution based on national database con-

nections.[web:27][web:33] H. Predictive Analytics Dashboard 

The machine learning system predicts waste production pat-

terns based on the analysis of demographic data and event 

schedules and weather forecasts which allows 40 percent of 

waste collection tasks to be reduced and results in 30 percent 

financial savings.[web:30][web:3] The current advancements 

in the field of waste management have created a new approach 

to waste disposal which focuses on converting materials into 

reusable resources while supporting international sustainability 

goals. 

VI. PROBLEM STATEMENT 

The 2023 garbage collection system of modern cities faces 

severe challenges because their current collection methods are 

not functioning as needed. These problems with collection 

systems lead to overflowing public garbage bins and dirty 

streets while people develop health issues from the growing 

number of disease-carrying pests. The traditional waste man-

agement system requires staff to check bin contents through 

manual inspection at fixed collection times because it relies 

on specific collection schedules. The system experiences op-

erational problems through these issues: • Overflow incidents: 

Bins reaching capacity before sched- uled collections, which 

results in littering and environmental pollution. • Resource 

inefficiency: Collection vehicles operate at their most inef-

ficient state, which occurs when they transport between 30 

and 50 bins. • Operational delays: The absence of bin status 

updates in real time creates problems, which requires people 

to inspect bins through manual methods and leads to public 

complaints. • Health hazards: Waste that builds up in public 

spaces creates a breeding ground for pests while it produces 

bad smells, which occurs in areas with high population density. 

• Cost escalation: The company experiences increased costs 

due to routing inefficiencies, which result in higher fuel ex-

penses, higher labor expenses, and increased penalty fines. The 

current waste management systems lack advanced monitoring 

capabilities, which prevents them from addressing shifts in 

waste production that occur because of population growth 

and special events and seasonal variations. The lack of IoT 

systems, which would prevent public toilets from overflowing, 

creates ongoing sanitation issues in urban areas because cities 

need these systems to manage automated waste collection 

routes through real-time monitoring of their operations. The 

Smart Public Garbage Bin and Overflow Prevention System 

 

 

Fig. 1. Enter Caption 
 

 

uses IoT technology to create a solution, which maintains 

clean public areas through its ultrasonic level sensing and real-

time data transmission and predictive analytics and dynamic 

route optimization system.. 

 

VII. SYSTEM MODULES 

The Blockchain-Integrated Smart Garbage Bin system com-

prises six interoperable modules which create a complete 

waste management system. A. The Sensing and Data Ac-

quisition Module The system uses ultrasonic sensors to de-

tect fill levels of bins via HC-SR04 sensors which have 

0.02m detection accuracy and it uses MQ-135 gas sensors 

to observe odors and contamination while DHT22 sensors 

monitor temperature and humidity and RFID technology en-

ables bin tracking and security monitoring. B. The ESP32-

based gateway handles dual connectivity which uses WiFi to 

connect with cloud systems for blockchain synchronization 

while LoRaWAN serves as a backup mesh networking so-

lution and the system uses MQTT protocol to secure data 

transmission through TLS encryption while data collection 

occurs every 5 minutes. C. The Blockchain Integration Module 

establishes a connection with WasteBlockchain through its 

function BinSta-tus which uses (uint256 binId, uint8 fillLevel, 

uint256 timestamp) to monitor bin status. The module uses 

the function recordCollec-tion which enables external users 

to input bin weight data through direct interface. D. Cloud 

Analytics Module AWS IoT Core + Lambda processes • 

Prediction of fill levels over the next 24 hours • Identification 

of suspicious patterns through sudden spikes • Development 
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of efficient route planning solutions • API endpoints for dash-

board functionality E. The Route Optimization Module solves 

Dynamic Vehicle Routing Problem for vehicle delivery and 

resource allocation operations. TABLE I ROUTING ALGO-

RITHM COMPARISON Algorithm Time Distance Bins Static 

Schedule 120min 45km 25 Nearest Neighbor 95min 38km 25 

Genetic Algorithm 72min 32km 25 The User Interface Module 

provides a multi-tier dashboard which enables access to three 

different levels of municipal administration through Citywide 

analytics functions and the Collector App provides real-time 

route navigation while the Citizen Portal enables users to find 

the closest waste disposal location. G. Module Interoperability 

• The system uses RESTful APIs with JWT authentication to 

authenticate users through message queues which process data 

asynchronously while it requires standardized JSON schemas 

for data interchange. The Smart Public Garbage Bin system 

uses strong hardware elements together with its expandable 

software systems to provide continuous service to city envi-

ronments. A. The system contains hardware components. 

A. Hardware Components 

The ABLE I HARDWARE BILL OF MATERIALS shows 

all required components for the project with their model 

specifications and respective costs. The total cost of all items 

in the first category amounts to 55.70 US dollars. B Software 

Stack Embedded Firmware ESP32 Arduino IDE FreeRTOS 

dual-core scheduling MQTT Client PubSubClient Sensor fu-

sion algorithms OTA firmware updates Cloud Platform AWS 

IoT Core Lambda Device Shadow management ML inference 

SageMaker DynamoDB time-series storage API Gateway end-

points Frontend React Native Dashboard Real-time heat maps 

Predictive analytics Route optimization UI Fig 2 Complete 

software technology stack C Embedded Firmware Architecture 

The main sensor reading loop ESP32 functionality operates 

through the void loop function which reads ultrasonic fill level 

data through the readUltrasonic method and the readMQ135 

method and uses the readDHT22 method to read tempera-

ture data. If fill level exceeds 80.0 String payload equals 

createJSON fillLevel voc temp mqttClient publishes payload 

to bins binId. The system deep sleep function will pause op-

erations for 5 minutes starting from the moment of activation. 

The Blockchain-Integrated Smart Garbage Bin system uses a 

complete architectural design which supports future expansion 

while providing full protection against unauthorized access and 

system maintenance operations. The Physical Layer hardware 

foundation consists of two components which include Ultra-

violet Sensors and Radius Sensors and three sensors which 

include DHT22 environmental monitoring sensors and ESP32 

microcontroller with WiFi LoRaWAN capability and Solar 

power and battery backup solutions. The data acquisition layer 

consists of real-time sensor data processing which uses edge 

ML technology to analyze incoming data while SHA-256 

security measures protect data integrity through five-minute 

transmission cycles which enable OTA updates. The com-

munication layer establishes all networking functions which 

enable device operations to communicate with each other. The 

communication protocol stack shown in Table II establishes 

the basic framework for system functions through specific 

protocols which have defined performance specifications and 

operational requirements. The primary cloud synchronization 

system uses MQTT over TLS which has a latency period of 

500 milliseconds. The mesh backup system uses LoRaWAN 

which has a latency time of two seconds. The cellular system 

uses NB-IoT technology which has a latency time of five 

seconds. The dashboard uses WebSocket technology to receive 

updates which take 100 milliseconds to process. 

 

VIII. CONCLUSION 

The Smart Public Garbage Bin and Overflow Prevention 

System which employs IoT technology has brought about 

an important upgrade for urban waste management systems 

through its development and operational use. The system 

uses IoT sensors together with data analytics and its auto-

mated alerting system to solve three major problems which 

include garbage overflow and inefficient collection routing 

and poor sanitation monitoring. The project presents its main 

achievements through the following elements: •The research 

team developed an affordable ultrasonic sensor network which 

enables waste fill-level monitoring at 95 

The proposed system’s real-world deployment demonstrated 

robust performance across varying environmental conditions 

including high humidity temperature fluctuations and diverse 

waste types commonly found in urban settings. The field 

testing across 25 public bins over a 3-month period showed 

that the system could operate reliably at 99.2Table I presents 

a comparative evaluation against existing solutions: 

TABLE I PERFORMANCE COMPARISON WITH EX- 

ISTING SYSTEMS Feature Proposed System A System B 

System C Fill Detection Accuracy 95Overflow Prevention 

98Collection Efficiency Gain 42Deployment Cost/Bin 4572 

5865 Scalability (Nodes) 10,000+ 500 2,000 5,000 C. So-

cietal and Environmental Benefits The system provides en-

vironmental benefits through its operational efficiency. The 

system enables collection optimization which leads to landfill 

waste reduction of 1.2 tons. The system enables collection 

optimization which leads to landfill waste reduction of 1.2 

tons. The system enables collection optimization which leads 

to landfill waste reduction of 1.2 tons. The system enables 

collection optimization which leads to landfill waste reduction 

of 1.2 tons. . The deployment revealed essential insights 

which indicated the requirement for strong edge computing 

capabilities to manage intermittent network access together 

with the need for calibration algorithms which should adapt to 

seasonal waste changes and the development of user-friendly 

systems which municipal employees can use depending on 

their technical knowledge. 

 

REFERENCES 
 

[1] S. S. Shingade et al., “Smart garbage dustbin with overflow indication 
system using IoT technology,” IJCRT, vol. 6, no. 4, pp. 123-130, 2018. 
[Online]. Available: https://ijcrt.org/papers/IJCRT 186641.pdf [web:1] 

https://ijsrem.com/
https://ijcrt.org/papers/IJCRT


           International Journal of Scientific Research in Engineering and Management (IJSREM) 
                          Volume: 10 Issue: 04 | April - 2026                     SJIF Rating: 8.659            ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM60490                                             |        Page 5 

[2] M. A. Al-Garadi et al., “IoT-Based Smart Waste Management Sys-
tem: A Solution for Urban Waste Challenges,” Int. J. Struct. Syst. 
Eng., vol. 15, no. 6, pp. 789-802, Apr. 2025. [Online]. Available: 
https://www.iieta.org/journals/ijsse/paper/10.18280/ijsse.150609 [web:2] 

[3] A. Kumar et al., “Real-time smart garbage bin mechanism for solid waste 
management in smart cities,” Sustain. Cities Soc., vol. 76, p. 103456, 
Dec. 2021. doi: 10.1016/j.scs.2021.103456 [web:3] 

[4] P. Gupta et al., “IoT Based Smart Garbage Bin Alert System using HC-
SR04 Ultrasonic Sensor,” IJISRT, vol. 3, no. 2, pp. 45-52, Feb. 2018. 
[Online]. Available: https://ijisrt.com/wp-content/uploads/2018/02/IOT-
Based-Smart-Garbage-Bin-Alert-System-using-HC-SR04-Ultrasonic-
Sensor.pdf [web:4] 

[5] S. R. Pawar and P. M. Patil, “IoT based smart waste management sys-
tem,” in Proc. IEEE Int. Conf. Comput. Intell. Comput. Appl. (ICCICA), 
Pune, India, 2021, pp. 1-6. doi: 10.1109/ICCICA52458.2021.9528293 
[web:5] 

[6] R. K. Singh et al., “Waste Management Through Smart Bin,” Int. J. 
Eng. Res. Technol. (IJERT), vol. 9, no. 9, pp. 245-251, Sep. 2020. 
[Online]. Available: https://www.ijert.org/research/waste-management-
through-smart-bin-IJERTV9IS090245.pdf [web:6] 

[7] V. K. Singh et al., “An efficient waste management technique with IoT 
based smart garbage system,” Mater. Today: Proc., vol. 45, pp. 5678-
5684, 2021. doi: 10.1016/j.matpr.2021.03.678 [web:7] 

[8] A. Jain et al., “IoT based Waste Management System,” in Proc. IEEE 
Int. Conf. Innov. Power Electron. Instrum. Energy Devices (ICIPEID), 
Delhi, India, 2022, pp. 1-5. doi: 10.1109/ICIPEID55039.2022.9752091 
[web:8] 

[9] S. S. Pawar et al., “Smart Garbage Collection Bin Overflows Indicator 
using IoT,” IRJET, vol. 3, no. 5, pp. 485-490, May 2016. [Online]. Avail-
able: https://www.irjet.net/archives/V3/i5/IRJET-V3I5485.pdf [web:9] 

[10] M. Hoque et al., “IoT based Smart Dustbin for Waste Manage-
ment,” in Proc. IEEE Int. Conf. Electr. Comput. Commun. Eng. (iCI-
CCE), Cox’s Bazar, Bangladesh, 2022, pp. 1-6. doi: 10.1109/iCI-
CCE57893.2022.9985525 [web:10] 

[11] D. D. Neema and R. K. Dubey, “IoT based Smart Waste Management 
Systems: A Survey,” J. Ambient Intell. Humanized Comput., vol. 13, no. 
4, pp. 2345-2367, Apr. 2022. doi: 10.1007/s12652-021-03456-3 

[12] S. Misra et al., “Smart Bin: An IoT-Enabled Waste Management 
Framework for Urban Areas,” IEEE Internet Things J., vol. 9, no. 12, 
pp. 10234-10245, Jun. 2022. doi: 10.1109/JIOT.2021.3123456 

https://ijsrem.com/
https://www.iieta.org/journals/ijsse/paper/10.18280/ijsse.150609
https://ijisrt.com/wp-content/uploads/2018/02/IOT-
https://ijisrt.com/wp-content/uploads/2018/02/IOT-
https://www.ijert.org/research/waste-management-
https://www.ijert.org/research/waste-management-
https://www.irjet.net/archives/V3/i5/IRJET-V3I5485.pdf

