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Abstract—Waste management is a critical issue in urban 

environments due to increasing population and improper 

segregation practices. This project proposes an IoT 

Enabled Raspberry Pi Based Three-Dimensional Waste 

Segregation System for automated classification of waste 

into wet, dry, and hazardous categories. The system 

utilizes moisture, inductive proximity, IR, and ultrasonic 

sensors to detect waste characteristics. A Raspberry Pi 4 

Model B processes sensor inputs and controls servo 

motors for appropriate waste sorting. IoT integration 

using Wi-Fi and MQTT protocol enables real-time 

monitoring of bin fill levels through cloud platforms such 

as ThingSpeak. The proposed system enhances 

efficiency, reduces human intervention, and promotes 

hygienic and sustainable waste management solutions. 

 

Index Terms—IoT, Raspberry Pi, Waste Segregation, 

Smart Bin, Sensors, Embedded Systems. 

 

I. INTRODUCTION 

 

Waste management is a critical challenge in rapidly 

urbanizing areas. Manual segregation is often 

inefficient and poses health risks to workers. This 

project focuses on the Embedded Systems and IoT 

domain to automate the classification of waste into 

three categories: Organic (Wet), Dry (Paper / Glass) 

and Hazardous (Medical / E-Waste). By leveraging the 

processing power of a Raspberry Pi and the 

connectivity of IoT, we can create a "Smart Bin" that 

not only sorts waste but also monitors bin capacity in 

real-time. The integration of Internet of Things (IoT) 

technology enables remote monitoring and control of 

the waste segregation system. Using Wi-Fi 

connectivity, the Raspberry Pi transmits data such as 

bin fill level, waste type distribution, system health, 

and operational status to cloud servers or mobile 

applications. Authorized users, municipal authorities, 

and maintenance personnel can access this information 

in real time from any location. This project contributes 

to the development of smart cities by improving 

efficiency, hygiene, and sustainability in waste 

management. It reduces manual labor, increases 

recycling efficiency, and provides real-time data for 

better decision-making. Thus, the proposed system 

demonstrates the practical application of Embedded 

Systems and IoT technologies in solving real-world 

environmental problems. 

 

II. LITERATURE REVIEW 

 

Waste management has become a major concern due 

to rapid urbanization and increasing population. 

Improper waste segregation leads to environmental 

pollution, health hazards, and reduced recycling 

efficiency. Many researchers have proposed IoT-based 

and embedded system-based solutions to improve 

waste monitoring and segregation processes. 

Longhi et al. (2012) proposed a smart waste 

management architecture using wireless sensor 

networks. Their system focused on monitoring bin fill 

levels and transmitting data to municipal authorities. 

Although effective for monitoring, it did not include 

automatic waste segregation. Folianto et al. (2015) 

introduced a SmartBin system that used IoT 

technology to optimize waste collection routes. The 

system collected real-time bin data and improved 

collection efficiency. However, the research mainly 

focused on monitoring and scheduling rather than 

waste classification. Arebey et al. (2011) developed an 

integrated waste bin monitoring system using sensor 

technologies. The system provided real-time updates 

on bin status but lacked automatic segregation 

functionality. It improved operational efficiency but 

did not address multi-category waste separation. 

Malviya and Shukla (2017) proposed an automatic 

waste segregation system using moisture and metal 

detection sensors. Their embedded system was able to 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202011 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 5818 

separate wet and metallic waste. However, the system 

was limited to two categories and did not include IoT-

based remote monitoring. Zanella et al. (2014) 

discussed various IoT applications for smart cities, 

including smart waste management. Their survey 

emphasized the importance of integrating sensors, 

cloud computing, and communication protocols such 

as MQTT for efficient data transmission. Recent 

studies (2019–2023) have explored Raspberry Pi-

based smart bins integrated with cloud platforms like 

Thing Speak and Adafruit IO. These systems enable 

real-time monitoring and alert generation when bins 

are full. However, most of these implementations 

focus only on monitoring or two-type segregation (wet 

and dry), and very few systems incorporate hazardous 

waste detection.  

 

III. WORKING MODEL 

 

The working model of the IoT Enabled Raspberry Pi 

Based Three-Dimensional Waste Segregation System 

is designed to automate the process of waste 

classification and monitoring using embedded systems 

and IoT technology. The system operates using 

Raspberry Pi 4 Model B as the central processing unit, 

which controls sensors, motors, and communication 

modules. When the system is powered ON, the 

Raspberry Pi initializes all connected components, 

including IR sensor, moisture sensor, inductive 

proximity sensor, ultrasonic sensor, servo motors, and 

Wi-Fi module. The system then enters standby mode, 

waiting for waste to be inserted into the input section. 

When a user places waste into the system, the IR 

sensor detects the presence of the object and activates 

the classification process. The waste is first analyzed 

using the inductive proximity sensor to detect metallic 

components. If metal is detected, the waste is 

categorized as hazardous. If no metal is detected, the 

moisture sensor checks the moisture content of the 

waste. If the moisture value is high, the waste is 

classified as wet waste (organic). If the moisture level 

is low and no metal is detected, the waste is classified 

as dry waste. 

The Raspberry Pi processes these sensor readings 

using programmed logic written in Python. Based on 

the decision, it sends control signals to the motor 

driver, which operates the servo motor. The servo 

motor rotates a mechanical flap mechanism that 

directs the waste into one of the three bins: wet bin, 

dry bin, or hazardous bin. This mechanical operation 

ensures accurate and automatic three-dimensional 

segregation without human intervention. After the 

waste is deposited into the bin, the ultrasonic sensor 

measures the distance between the sensor and the 

waste surface to determine the fill level of each bin. If 

a bin reaches its maximum capacity, the system 

activates a buzzer alert and displays a message. At the 

same time, the Raspberry Pi transmits the bin status 

data to the cloud server through Wi-Fi using the 

MQTT communication protocol. The IoT platform 

stores and displays real-time information such as 

waste type distribution, bin fill level, and system 

status. This allows remote monitoring through a web 

dashboard or mobile application. Municipal 

authorities or users can track bin levels and schedule 

waste collection efficiently. Overall, the working 

model demonstrates an intelligent and automated 

approach to waste management. It reduces manual 

effort, improves hygiene, increases recycling 

efficiency, and supports smart city initiatives by 

integrating embedded systems with IoT technology. 

 

IV. CONCLUSION 

 

The IoT Enabled Raspberry Pi Based Three-

Dimensional Waste Segregation System successfully 

demonstrates an automated and intelligent approach to 

modern waste management. The system effectively 

classifies waste into three categories—wet, dry, and 

hazardous—using multiple sensors integrated with 

Raspberry Pi. The servo-based mechanical mechanism 

ensures accurate and contactless waste segregation, 

reducing human intervention and improving hygiene. 

The integration of IoT technology using Wi-Fi and 

MQTT protocol enables real-time monitoring of bin 

levels and system status through a cloud dashboard. 

This helps prevent bin overflow, optimize waste 

collection schedules, and support data-driven 

decision-making. The ultrasonic sensor ensures 

accurate bin level detection, while alert mechanisms 

notify users when bins are full. The experimental 

results confirm that the system operates reliably under 

normal conditions and provides efficient three-

dimensional segregation compared to traditional two-

bin systems. Although sensor maintenance and stable 

power supply are necessary for consistent 

performance, the proposed system offers a scalable 
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and cost-effective solution for smart cities, hospitals, 

industries, and residential areas. 

In conclusion, this project highlights the practical 

implementation of Embedded Systems and IoT 

technologies to address real-world environmental 

challenges. The proposed model contributes to 

sustainable waste management by improving 

efficiency, safety, and environmental protection. 

 

V. FUTURE SCOPE 

 

AI Integration: Adding a Camera Module with Image 

Recognition (TensorFlow Lite) to identify specific 

brands or types of plastic. Solar Power: Implementing 

solar panels for self-sustaining outdoor use. This 

addition would improve system accessibility, 

visualization, and scalability across various 

environments. Incorporating solar powered operation 

could further reduce energy dependence, supporting a 

sustainable and eco-conscious design. Further 

developments may include predictive analytics and 

machine learning to anticipate waste accumulation 

patterns and optimize collection schedules. Such 

intelligence can minimize redundant trips, conserve 

fuel, and lower carbon emissions. Introducing inter-

bin communication would enable multiple bins to 

share data, forming a coordinated waste network for 

efficient route planning. In the long term, AI-based 

decision systems could manage compaction cycles, 

detect anomalies, and predict maintenance needs 

autonomously. These advancements would transform 

the prototype into a proactive smart infrastructure 

component ready for smart city deployment. 
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