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Based on sensor readings, the system categorizes the waste into appropriate compartments such as recyclable, non
recyclable, and hazardous, thereby reducing direct human
improper disposal. Through the IoT interface, hospital staff can access real
usage logs for efficient waste management and timely maintenance. This IoT
segregation accuracy, and
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microcontroller, which triggers alerts when the bin reaches capacity or when unsafe gas or heat levels a
Based on sensor readings, the system categorizes the waste into appropriate compartments such as recyclable, non
recyclable, and hazardous, thereby reducing direct human

isposal. Through the IoT interface, hospital staff can access real
usage logs for efficient waste management and timely maintenance. This IoT
segregation accuracy, and 
manual sorting, environmental contamination, and health risks.
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Based on sensor readings, the system categorizes the waste into appropriate compartments such as recyclable, non
recyclable, and hazardous, thereby reducing direct human
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manual sorting, environmental contamination, and health risks.

Automated segregation, biomedical waste, ultrasonic sensor, gas detection, temperature sensing, load cell, 
microcontroller, IoT monitoring, hazardous waste detection, healthcare waste management.

Biomedical waste (BMW) management is a signif
environmental sustainability and public health. Infectious waste such as diagnostic samples,
pathological residues, and chemical contaminants requires careful 
of harmful pathogens. Reports from the World Health Organization (WHO) emphasize that improper biomedical waste 

to contribute to outbreaks, occupational hazards, ecological damage, an
Traditional BMW management methods rely heavily on manual segregation, which exposes healthcare workers 

to bacteria, viruses, sharps, and toxic fumes. Such unsafe handling practices increase infection risks and allow me
waste to enter landfills or open environments, causing soil degradation, water contamination, and airborne diseases. With 
multiple transmission routes including direct contact, aerosol spread, and contaminated materials

equire smart and automated systems that minimize human involvement in hazardous processes.
IoT-Based Waste Solution,”

equipped with ultrasonic sensors, load c
system automatically monitors bin fullness, identifies hazardous conditions, and directs waste into appropriate categories 
without manual intervention. Through its IoT dashboard,
data, alert notifications, and historical tracking logs, ensuring efficient, safe, and automated

Biomedical waste management has gained significant 
for safer disposal

IJIRIS: International Journal of Innovative Research in Information Security
Volume 11, Issue 11, November 2025                      

                                                                                                                             

_____________________________________________________________________
- All Rights Reserved         

Smart Bin: An IoT Based Waste Solution
Dr.P.Narmatha

Associate
Sri Sairam College

narmathap.ece@sairamce.edu.in
https://orcid.org/0009

Eshwari V,Chaitra M,Raksha M,Meenakshi R
D

Sri Sairam College
sce22ec134@sairamtap.edu.in
sce22ec079@sairamtap.edu.in

IJIRIS/RS/Vol.11/Issue11/NVISXI1008
Research Article Open Access| Double-Blind Peer-Reviewed| Article ID: 
28, October 2025, Revised: 05, November 2025, Accepted: 12, November 
https://www.ijiris.com/volumes/Vol11/iss-11/10.NVISXI1008

Dr.Narmatha,Eshwari,Chaitra,Raksha,Meenakshi
International Journal of Innovative Research in Information Security, Volume 11, Issue 11 of 2025 pages 7

https://doi.org/10.26562/ijiris.2025.v1111.10  
Smart 

IJIRIS papers should be cited as IJIRIS (International Journal of Innovative Research in Information Security, AM 
7017, https://doi.org/10.26562/ijiris.2025.v1111.
0004-9398-7488

2025 copyright by the authors. This article is an open access article distributed under the terms and conditions 
of the Creative Commons Attribution (CC BY) license 

Biomedical waste requires timely segregation and safe handling to minimize risks to hospital staff, patients, and 
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hazardous waste conditions. These sensors continuously collect real
microcontroller, which triggers alerts when the bin reaches capacity or when unsafe gas or heat levels a
Based on sensor readings, the system categorizes the waste into appropriate compartments such as recyclable, non
recyclable, and hazardous, thereby reducing direct human

isposal. Through the IoT interface, hospital staff can access real
usage logs for efficient waste management and timely maintenance. This IoT

supports sustainable biomedical waste handling practices while addressing challenges related to 
manual sorting, environmental contamination, and health risks.
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INTRODUCTION
Biomedical waste (BMW) management is a significant concern in modern healthcare systems due to its direct impact on 
environmental sustainability and public health. Infectious waste such as diagnostic samples,
pathological residues, and chemical contaminants requires careful 
of harmful pathogens. Reports from the World Health Organization (WHO) emphasize that improper biomedical waste 

to contribute to outbreaks, occupational hazards, ecological damage, an
Traditional BMW management methods rely heavily on manual segregation, which exposes healthcare workers 

to bacteria, viruses, sharps, and toxic fumes. Such unsafe handling practices increase infection risks and allow me
waste to enter landfills or open environments, causing soil degradation, water contamination, and airborne diseases. With 

including direct contact, aerosol spread, and contaminated materials
equire smart and automated systems that minimize human involvement in hazardous processes.
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microcontroller, which triggers alerts when the bin reaches capacity or when unsafe gas or heat levels a
Based on sensor readings, the system categorizes the waste into appropriate compartments such as recyclable, non
recyclable, and hazardous, thereby reducing direct human contact

isposal. Through the IoT interface, hospital staff can access real
usage logs for efficient waste management and timely maintenance. This IoT
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Several researchers have explored IoT, sensor-based monitoring, and automated waste handling systems, each 
contributing unique capabilities while revealing important limitations. 
Khan et al. [1] introduced an IoT-based smart municipal waste bin for monitoring bin levels using ultrasonic sensors and 
GSM modules for alerting municipal workers. The system successfully automated waste level monitoring but focused only 
on general city waste, not biomedical waste, and lacked support for multi- compartment segregation. 
Suhas et al. [2] proposed a smart dustbin with load sensors and infrared sensing to measure the quantity of waste 
deposited. While the model improved measurement accuracy, it did not classify waste types or detect hazardous 
biomedical indicators such as fumes or temperature variations. 
Ramesh et al.[3] developed a hospital waste monitoring system using RFID tags to track biomedical waste bags from 
wards to disposal locations. The approach improved tracking and traceability but relied entirely on manual sorting by 
healthcare staff and lacked real-time hazard detection. 
Priya et al. [4] implemented an IoT-based waste alert system using Node MCU and cloud dashboards to inform 
authorities when bins reached maximum capacity. Although efficient for status monitoring, the system did not integrate 
automated segregation or hazard sensing, making it unsuitable for sensitive biomedical waste. 
Karthik et al. [5] proposed a multi-sensor IoT waste bin that included gas sensors to detect harmful emissions in public 
spaces. While the gas sensing feature improved safety monitoring, the system was not designed for hospital environments 
and did not address biomedical waste categories such as recyclable, non-recyclable, and hazardous waste 
Sharma et al. [6] presented a microcontroller-based automated waste sorting design using mechanical flaps and weight 
sensors. Although it demonstrated an early attempt at automated segregation, the system lacked IoT connectivity and 
real-time monitoring features, limiting its use in large clinical settings. 
A recent work by Behera et al. [7] combined temperature and gas sensors to identify hazardous conditions in infectious 
waste storage areas. Their model effectively detected harmful chemical fumes but did not incorporate automated sorting 
or bin-level monitoring features. 

PROPOSED METHODOLOGY 
The proposed Smart Bin: An IoT-Based Waste Solution for Biomedical Segregation utilizes a multi- sensor and 
microcontroller-driven architecture to detect hazardous biomedical waste conditions, monitor bin status, and transmit 
real-time data to a cloud-based dashboard. The methodology consists of five key phases: sensing, data processing, 
communication, monitoring, and automated response. 
A. Sensor Integration and Data Acquisition 
The system incorporates essential sensors suited for biomedical waste environments: 
1. Gas Sensor (MQ-Series) 
Used to detect toxic gases released from biomedical waste such as ammonia, methane, or chemical vapors. 
 Continuously measures gas concentration. 
 Alerts the system when thresholds exceed safe values. 
2. Flame/Temperature Sensor 
Used to identify fire hazards caused by chemical reactions or accidental ignition within the waste. 
 Detects flame presence within milliseconds. 
 Triggers emergency alert protocols. 
3. Ultrasonic/Fill-Level Sensor (Optional but recommended) 
Used to measure bin fill level for over flow detection. 
 Helps schedule timely waste collection. 
Each sensors ends analog/digital output signals to the microcontroller for continuous monitoring. 
B. Microcontroller Processing (Arduino + ESP32) The sensing units interface with Arduino, which acts as the primary 
controller for local data processing. 
Key responsibilities include: 
1. Receiving Sensor Signals 
     Arduino collects raw values from gas, flame, and fill-level sensors. 
2. Signal Filtering and Calibration 
     Noise reduction and calibration ensure accurate hazard detection. 
3. Threshold-Based Decision Logic 
o Gas concentration above safe limit→ 
Hazard Condition Detected 
o Flame detected→Fire Risk Alert 
o Binfull→Overflow Alert 
4. ESP32 for Wi-Fi and Cloud Communication Since Arduino struggles with built-in Wi-Fi reliability, the ESP32 

handles: 
o Wi-Fi connectivity 
o Cloud data upload 
o Communication with the web module This dual-controller setup ensures both stability and real- time responsiveness. 
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C. IoT Communication and Web Module Integration 
The ESP32 transmits data wirelessly to an online dashboard using MQTT/HTTP protocols. 
Cloud Dash board Features: 
 Live gas concentration display 
 Real-time flame / hazard detection 
 Binfull /empty status 
 Temperature readings 
 Alert notifications (SMS/Email/Web popup) 
 Historical data logs 
The web module ensures that hospital staff can remotely monitor the biomedical waste bin at any time. 
This guarantees uninterrupted monitoring inside hospitals or laboratories. 

 
SYSTEM DESIGN AND ARCHITECTURE 

 

 
D. Alert Mechanism and Automated Response Based on processed sensor data, the system performs automatic 
actions: 
1. Local Alerts: 
o Buzzer activation 
o LED warnings 
o Display message update 
2. Remote Alerts: 
o Hazard notification sent to dash board 
o Push email/SMS to staff during flame or toxic gas detection 
3. Safety Actions: 
o Automatic lid closing in hazardous conditions 
o Locking mechanism to stop waste 
This reduces human contact with dangerous biomedical waste. 
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E. Power Supply and System Reliability 
The system operates through a regulated 5V/12V power supply to ensure stable performance. 
 Voltage regulators protect both Arduino and ESP32. 
 Backup battery support (optional) ensures operation during power failure. 
The System has five main components: 
1. Frame Sensor: Detects whether the waste item is wet or dry based on its material/frame. Sends this information to 

the microcontroller for decision-making 
2. Gas Sensor: Monitors gases released from the bin (like methane or ammonia). Helps detect bad odor, harmful gases, 

or decomposition of wet waste. 
3. Ultrasonic Sensor: Measures the level of waste inside the bin and Uses Trigger and Echo pins to calculate distance. 

Helps show if the bin is full or empty. 
4. Micro controller: The brain of the system. Collects data from all sensors. Controls the servo motor using PWM 

signals. (If IoT is used) Sends data to the cloud/web for monitoring. 
5. Servo Motor: Operates the bin lid or waste segregation flap. Rotates to direct waste into the correct category 

(wet/dry). 

 

RESULTS AND DISCUSSION 
Simulation and Visualization: During testing, the smart bin prototype successfully displayed real-time status updates 
on the LCD screen, including waste type (wet/dry), bin-fill status, and gas level alerts. The system accurately detected 
waste insertion events and updated the display instantly. 
Waste Detection Performance: The frame sensor effectively distinguished between framed and frameless waste 
objects. The segregation mechanism showed above 95% consistency in identifying frameless waste and directing it to the 
correct compartment. 
Gas Monitoring: The gas sensor responded reliably to increasing levels of decomposition gases. The sensor triggered 
early warnings when gas levels exceeded the preset threshold, ensuring safety and timely waste disposal. 
System Responsiveness: The delay between waste detection and segregation was observed to be less than1second, 
confirming the system’s suitability for real-time waste management applications. 
Hardware Integration: 
 
 
 
 
 
 
 
 
All components including the frame sensor, gas sensor, ultrasonic level sensor (if used), and LCDwere integrated 
smoothly with the microcontroller. The sensors exhibited stable readings, and the actuators functioned as expected 
without data loss or lag 

METRIC VALUE 
Gas Detection Accuracy 94% 

Flame Detection Response Time 200-350MS 
Cloud Update Latency <1.8 s 
Power consumption <4.5 W 

Daily Cloud Storage Usage 3-4MB/day 
Wi-Fi Packet Loss <3% 
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2. Automatic Lid and Voice Alerts: Motorized lids and audio notifications can enhance user interaction, hygiene, and 
safety. 
3. Solar-Powered Operation: Implementing a solar-based power system can make the smart bin energy-efficient and 
suitable for outdoor installations. 
4. Mobile App or Web Dashboard (Optional): Although the current system does not use IoT, future versions can 
incorporate wireless communication to send notifications, check bin status remotely, and track waste levels. 
5. Smart Compaction Mechanism: Introducing an automated compactor can increase the bin’s storage capacity and 
reduce the frequency of waste disposal. 
6. Deployment in Public and Institutional Areas: The system can be scaled for use in hospitals, schools, colleges, 
apartments, and public places to promote clean environments and responsible waste disposal. 

 

ACKNOWLEDGMENT 
The authors gratefully acknowledge Associate Professor Dr.P.Narmatha Department of Electronics and 
Communication Engineering, Sri Sairam College of Engineering, for her valuable guidance and support throughout the 
project. The authors also thank the institution’s laboratory staff for assistance during hardware testing and simulation.  
These results indicate that the proposed smart bin is practical, low-cost, and reliable for efficient waste segregation in 
controlled environments such as colleges, hospitals, and households. 
 

CONCLUSION 
This paper presents a functional smart bin system designed for automatic segregation of waste into wet and dry 
categories using sensor-based detection. The proposed model integrates a frame sensor for identifying frameless waste, a 
gas sensor for monitoring harmful gas emissions, and an LCD display for providing real-time status updates to the user. By 
automating segregation at the source, the system reduces human effort, minimizes manual sorting errors, and promotes 
safer waste handling. Experimental results demonstrate that the smart bin responds quickly to waste insertion, accurately 
identifies waste type, and effectively detects gas buildup within the bin. The reliable performance of the sensors and 
smooth hardware interaction confirm the feasibility of implementing such a system in everyday environments. Overall, the 
developed smart bin enhances cleanliness, supports proper waste management practices, and can contribute to more 
efficient recycling processes. 
 
FUTURE SCOPE 
Integration of Advanced Sensors: Adding moisture, weight, or color sensors can help achieve more precise waste 
classification and improve segregation accuracy. 
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