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Abstract 

The increasing waste generation rate necessitates effective waste management, as unmanaged waste 

poses significant harm to humans and the environment, causing climate changes and hindering national 

financial development. An automated waste segregation system is crucial to avoid these issues and 

reduce recycling complexity. Waste cannot be fully appreciated in terms of its significance and financial 

value until it is separated. A suggested smart waste sorting system uses image processing-based 

software along with hardware. The system aims to efficiently sort waste, making it easier for groups to 

segregate them on a large scale. The hardware includes a Raspberry PI, sensors. The ultimate goal is 

automatic segregation of waste. The implementation of an automated waste segregation system is a 

crucial measure in mitigating the increasing rates of trash generation that present significant hazards 

to the environment and human health. Unmanaged trash not only impedes the advancement of the 

national economy but also adds to climate change. Effective waste segregation is the new paradigm 

that is required in light of waste management's importance and cost consequences. 
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INTRODUCTION 

The management of solid and hazardous waste include gathering, moving, handling, and getting rid 

of different kinds of trash in a way that has the least negative effects on the environment and public 

health. There are two types of waste management system- 

• Solid Waste: Solid waste includes everyday items like packaging, food scraps, and old furniture. 

• Hazardous Waste: Hazardous waste includes materials like chemicals, batteries, and electronic 

devices that can pose a threat to health or the environment if not properly managed (Figure 1). 

 

Effective waste management practices include recycling,, composting, and proper disposal in 

landfills or through specialized treatment facilities. 

Governments and organizations around world 

implement regulations and programs to manage 

solid and hazardous waste, aiming to reduce waste 

generation, promote recycling, and ensure the safe 

handling of hazardous materials. 

 

The process by which garbage is divided into 

distinct components is known as waste segregation. 

In this study, the trash objects are identified through 

the use of algorithms for image processing. There 

are two categories for these items: renewable and 

non-recyclable. The main goals are to separate the 

garbage according to its type and offer a practical 

method of treatment.  
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Figure 1. Waste management. 

 

LITERATURE SURVEY 

i. Prabhakar Khandait, Minal Patil, and Abhishek Madankar created the Automated Waste 

Segregation System and associated method for producing ethanol. A programmed waste 

segregator that aims to isolate losses at the transfer level itself is proposed in this research [1]. 

ii. S. Mrinal, S. Nandhini Sharma Balachandran Naveen The development of electronically aided 

automatic trash segregation was done by K. Suryanarayana and D. S. Harish Ram. This paper 

uses an infrared sensor to determine if the waste bin is full [2]. 

iii. Manisha Jayson introduces the automated garbage collection and segregation system, SmartBin. 

The bin has servo motors, a moisture sensor, an IR sensor, and a GSM module. The procedure is 

managed by the Arduino Mega 2560 [3]. 

iv. Himadri Nath Saha proposed an IoT-based garbage monitoring and clearance alert system, using 

cloud technology to manage remote area waste and perform midway screening for temperature, 

dampness, smoke, and fire detection [4]. 

 

WORKING 

Solid and hazardous waste segregation using image processing involves several steps: 

 

Image Acquisition: Images of the waste are captured using cameras placed at strategic locations in 

the waste processing facility. 

 

Pre-processing: To improve their quality and prepare them for additional analysis, the captured 

images are pre-processed. Tasks like image scaling, improvement of contrast, and noise reduction may 

be part of this. 

 

Object Detection: To find objects throughout the image, image processing algorithms are utilized. 

  

Pictures: In the context of waste segregation, this step involves identifying different types of waste 

materials present in the image. 

 

Classification: Once objects are detected, they are classified into different categories based on their 

visual characteristics. For example, organic waste, plastic waste, metal waste, etc., can be classified 

based on color, shape, texture, etc. 

 

Decision Making: Based on the classification results, decisions are made regarding how to segregate 

the waste. For example, a conveyor belt may be directed to move items classified as plastic waste to a 

different processing area than items classified as metal waste. 
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Feedback Loop: The system may include a feedback loop where the accuracy of the segregation 

process is evaluated. This feedback can be used to improve the performance of the image processing 

algorithms over time [5–7]. 

 

By using image processing techniques, solid and hazardous waste segregation can be automated, 

leading to more efficient and accurate segregation processes. This can lessen the negative effects of 

garbage disposal on the environment and increase recycling rates. 

 

MATERIAL USED 

Raspberry Pi 

The Raspberry Pi is a small, reasonably priced computer that may be used to automation a variety of 

processes and boost productivity in trash processing and segregation (Figure 2). By incorporating 

Raspberry Pis, material processing systems can be configured to routinely separate recycling. It can 

distinguish between different forms of waste and sort it into distinct bins using sensors like cameras, 

infrared sensors, or weight sensors [8]. The Raspberry Pi's network connectivity makes it possible to 

remotely monitor and manage waste processing plants. Because of this, operators can improve operating 

efficiency and decrease downtime by remotely accessing equipment status, adjusting settings, and 

troubleshooting difficulties. Here's how it can work: 

 

 
Figure 2. Raspberry Pi. 

 

Sensors Integration: Raspberry Pi can be connected to various sensors (e.g., ultrasonic sensors, 

infrared sensors) to detect the presence and quantity of waste in different bins. 

 

Image Recognition: Raspberry Pi can use cameras and image recognition software to identify 

different types of waste materials, helping in proper segregation. 

 

Data Processing: Raspberry Pi can process data from sensors and cameras to make decisions, such 

as activating mechanical arms to sort waste or alerting operators about anomalies. 

 

Communication: Raspberry Pi can be connected to the internet to send data to a central system or 

receive instructions, enabling remote monitoring and control. 

 

Automation: Raspberry Pi can automate tasks such as opening/closing bin lids, activating conveyor 

belts, or sorting mechanisms based on the detected waste type [9]. 

 

Data Logging and Analysis: Raspberry Pi can log data over time, allowing for analysis of waste 

generation patterns and optimization of segregation processes. 

 

In hazardous waste processing, Raspberry Pi can play a crucial role in ensuring that hazardous 

materials are segregated properly to minimize risks to human health and the environment. It can monitor 

parameters such as temperature, pressure, and chemical composition to ensure compliance with safety 

regulations. 



 

 

Waste Segregation Using Image Processing                                                                                              Raut et al. 

 

 

© STM Journals 2024. All Rights Reserved 23  
 

Servo Motor 

Servo motors can be used in solid and hazardous waste management in various ways, primarily in 

automated systems for sorting, handling, and processing waste (Figure 3). Servo motors are essential 

parts of robotic arms that are utilized in applications related to waste management. Robots can reliably 

and precisely pick up, manage, and carry a variety of waste products thanks to these motors, which offer 

precise control over the arm's actions. Servo motor-driven robotic trash handling systems minimize the 

danger of accidents in hazardous waste situations by operating either autonomously or under remote 

supervision. Conveyor belts and other material handling machinery at waste management facilities are 

driven by servo motors, which make it easier for waste products to move smoothly and continuously 

down the processing line. Servo motors provide effective throughput and optimal usage of processing 

equipment by modifying the conveyor belts' speed, direction, and position. This boosts productivity and 

lowers operating expenses. Here are a few examples: 

 

Automated Sorting Systems: Servo motors can be integrated into automated sorting systems to 

separate recyclable materials from non-recyclable waste based on their physical properties or 

composition. 

 

Overall, servo motors play a crucial role in improving the efficiency and effectiveness of solid and 

hazardous waste management processes by enabling precise control and auotomation. 

 

 
Figure 3. Servo motors. 

 

USB Camera 

USB cameras can be used in solid and hazardous waste management systems in various ways, 

including (Figure 4): 

 

Monitoring and Surveillance: USB cameras can be used to monitor waste collection sites, landfill 

areas, and recycling facilities. This helps in ensuring that proper waste 

 segregation and handling practices are followed. 

 

Quality Control: Cameras can be used to inspect the quality of waste materials, ensuring that 

hazardous and non-hazardous waste is separated correctly. 

 

Safety and Security: Cameras can enhance the safety and security of waste management facilities by 

monitoring activities and identifying potential hazards. 

 

Remote Monitoring: USB cameras can enable remote monitoring of waste management operations, 

allowing managers to oversee operations from a distance. 

 

Documentation and Reporting: Cameras can be used to document waste management processes and 

activities, providing visual evidence for reporting and compliance purposes. 
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Figure 4. USB cameras. 

 

32 gb Memory Card 

Using a 32 GB memory card in a solid and hazardous waste management system can be helpful for 

storing various types of data (Figure 5). Here are a few possible applications for it: 

 

Data Logging: Recording and storing data from sensors that monitor waste levels, temperatures, or 

other environmental factors. 

  

Documentation: Storing documentation, such as permits, safety procedures, and waste analysis 

reports. 

 

Images and Videos: Storing visual data, such as images or videos of waste handling processes or 

incidents for analysis or reporting. 

 

Backup: Storing important data in an alternate location in case the primary system fails or experiences 

other problems. 

 

Software and Firmware Updates: Storing software or firmware updates for the waste management 

system. 

 

 
Figure 5. 32 gb Memory Card. 

 

Female to female Connector 

Equipment Connections: Waste management systems often involve various types of equipment, such 

as pumps, filters, and separators. Female-to-female connectors can be used to connect different pieces 

of equipment, allowing for flexibility in the system design (Figure 6). 

 

Sampling and Monitoring: In some cases, connectors are used for sampling or monitoring purposes. 

Female-to-female connectors can be used to connect sampling devices or monitoring equipment to the 

waste management system. 
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Maintenance and Repair: During maintenance or repair activities, connectors may need to be 

replaced [10:14 PM, 3/14/2024] Anuradha Raut: Female-to-female connectors can be used to replace 

damaged connectors, restoring the integrity of the system. 

 

Overall, female-to-female connectors play a crucial role in waste management systems, ensuring 

efficient operation and environmental safety. 

 

 
Figure 6. Equipment Connections. 

 

HDMI to VGI Adapter 

Using an HDMI to VGA adapter in solid and hazardous waste management systems would be quite 

uncommon, as these adapters are typically used for connecting video devices like laptops or gaming 

consoles to VGA monitors or projectors (Figure 7). 

 

However, in a hypothetical scenario where such an adapter might be used, it could be for connecting 

a monitoring or control system that uses HDMI output to a display or co ntrol interface that only accepts 

VGA input. For example, a monitoring system in a waste management facility might have HDMI 

output, but the control interface in use might only accept VGA input. 

 

In general, though, the use of HDMI to VGA adapters is more common in IT or AV setups rather 

than in waste management system. 

 

 
Figutr 7. HDMI to VGA adapter. 

 

PROPOSED METHOD 

Implementation 

The main objective of this paper is segregation of waste based on solid and hazardous waste by using 

Raspberry PI. 
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A servo motor, consisting of a gearbox and potentiometer, allows precise shaft position control and 

holds it in place using a single control signal, restricted to 0 to 180 rotations (Figure 8). 

 

 
Figure 8. System Design. 

 

CONCLUSION 

This paper proposed Rasberrypi approach simplifies waste segregation at the source level, reducing 

human interaction and pollution caused by improper waste management. 

 

FUTURE SCOPE 

The most urgent problem with waste separation in the future will be simultaneous disposal. The waste 

segregator can be modified to safely separate biological waste produced at home, separate paper and 

plastic, condense and beautiful mechanical layout 
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