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Abstract: To achieve recycling of mixed industrial waste 

toward an advanced sustainable society, waste sorting 

automation through robots is crucial and urgent. For this 

purpose, a robot is required to recognize the category, 

shape, pose, and condition of different waste items and 

manipulate them according to the category to be sorted. 

This survey considers three potential difficulties in the 

sorting automation: 

1.End-effector: to robustly grasp and manipulate 

different waste items with dirt and deformations; 

2.Sensor: to recognize the category, shape, and pose of 

existing objects to be manipulated and the wet and dirty 

conditions of their surfaces; and 

3.Planner: to generate feasible and efficient sequences 

and trajectories. 

This survey includes references to studies related to 

automatic waste sorting and references to worldwide 

waste recycling attempts. This pioneering investigation 

reveals the possibility and limitations of conventional 

systems; thus, providing insights on open issues and 

potential technologies to achieve a robot-incorporated 

sorter for the chaotic mixed waste is one of its 

contributions. This paper further presents a system 

design policy for readers and discusses future advanced 

sorters, thereby contributing to the field of robotics and 

automation. 

I.INTRODUCTION 
 

The demand for automation of robot-based recycling 

processes is increasing because of the biological risks 

involved in the manual processes and persistent 

human labor shortages. Automating the sorting of a 

diverse variety of waste is an urgent example. 

Numerous companies have considered robotizing 

waste recycling and several related studies have also 

been conducted worldwide. These successful sorters 

were specifically developed to handle waste items of a 

targeted category. 

This survey summarizes current technologies in these 

existing sorters and discusses future robotic sorters 

required to handle highly   mixed industrial waste 

with no limitation on the target waste to overcome the 

generality of current robotic sorters. 

Generally, in current treatment facilities for mixed 

industrial waste, large amounts of unsorted recyclable 

waste are gathered at a collection site (Fig.(a)) and 

manually sorted into designated boxes (Fig.(b)) or 

conveyor lanes based on their categories (Fig.(c) and 

(d)). It is not realistic to treat all industrial waste in 

the factory or office where it is generated; therefore, 

we assume an automated system at an outside waste 

treatment facility that gathers it together from various 

companies. In other words, robotic recycling systems 

are thought of being located in a recycling plant, not 

in the same industrial plant where the waste is 

generated. 

The process for limited categories of waste that 

have a low degree of mixing is easy to mechanize or 

robotize. In contrast, for highly mixed waste, sorting 

is very difficult with a single dedicated machine or 

robot system. Therefore, a combined system that 

includes both dedicated machines and robots together 

with few human workers is required. 

  

  

  

I. Background Study (Literature) 

Smart bins equipped with IoT sensors are a common 

research focus, capable of detecting fullness, 

monitoring waste composition, and coordinating with 
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waste management systems for timely collection and 

sorting. Scholars highlight the environmental benefits 

and sustainability aspects of waste segregation, aiming 

to reduce pollution and promote recycling. 

Challenges such as sensor accuracy, data privacy, and 

infrastructure are acknowledged, with proposed 

solutions to ensure successful IoT integration in waste 

management. Case studies and pilot projects offer 

practical insights into IoT's real-world application, 

effectiveness, and scalability. 

Furthermore, discussions cover the influence of policy 

and regulatory frameworks on IoT adoption in waste 

segregation, emphasizing the need for supportive 

policies to drive innovation and standardization in the 

waste management sector. Through synthesizing and 

analyzing existing literature, researchers can identify 

research gaps and formulate strategies for advancing 

IoT-based waste segregation. 

Choosing and Sifting: Once you've assembled a list of 

search results, arrange them in order of the validity of 

the sources and how well they relate to your problem. 

Look for papers and publications from reputable 

conferences and journals that have been subjected to 

review. 

Analyze the Literature: Review the selected papers 

and articles, noting the methods used, results 

reached, limitations, and possible directions for future 

research. Note any specific IoT and ML techniques 

applied to smart waste segregation. 

Critical Analysis: Evaluate the benefits and drawbacks 

of the existing approaches. Consider how they could 

be improved or changed to better address the 

issues brought on by underpass water logging. 

Synthesize Findings: Summarize the key findings 

from the literature review, considering current 

trends, challenges, and potential directions for 

future research area. 

Cite and Reference: For every source you use in 

your literature review, make sure you cite them 

according to the guidelines provided. 

 

II. METHODOLOGY 

 

The methodology for implementing smart waste 

segregation using IoT (Internet of Things) and ML 

(Machine Learning) typically involves several key steps: 

Problem Definition and Scope: 

Clearly define the objectives and scope of the smart 

waste segregation system. Identify the specific types of 

waste to be segregated, the target locations for 

implementation, and the desired outcomes such as 

improved recycling rates or reduced landfill waste. 

Sensor Deployment and Data Collection: 

Deploy IoT sensors in waste bins or containers to 

collect relevant data such as waste volume, 

composition, and fill levels. Choose sensors that are 

suitable for the intended environment and capable of 

capturing accurate and reliable data. 

Data Preprocessing: 

Clean and preprocess the collected sensor data to 

remove noise, outliers, and inconsistencies. This may 

involve techniques such as data filtering, 

normalization, and feature extraction to prepare the 

data for ML analysis. 

Machine Learning Model Development: 

Develop ML models to analyze the preprocessed data 

and make predictions or classifications related to 

waste segregation. Depending on the specific 

objectives, consider using supervised, unsupervised, or 

semi-supervised learning algorithms such as 

classification, clustering, or regression. 

Model Training and Evaluation: 

Train the ML models using labeled data if available, or 

unsupervised techniques if labeled data is limited. 

Evaluate the performance of the trained models using 

appropriate metrics such as accuracy, precision, recall, 

or F1 score to ensure their effectiveness in waste 

segregation tasks. 

Integration with IoT Platform: 

Integrate the trained ML models with the IoT platform 

responsible for managing and controlling the waste 

segregation system. This integration enables real-time 

decision-making based on the analysis of sensor data, 

such as triggering alerts for waste collection or sorting 

processes. 

Feedback Loop and Model Refinement: 

Establish a feedback loop to continuously monitor the 

performance of the ML models in real-world 

conditions. Collect feedback from the system users, 

evaluate the model predictions against ground truth data, 

and refine the models as needed to improve their 

accuracy and reliability over time. 

Deployment and Implementation: 

Deploy the smart waste segregation system in the 

target locations following thorough testing and 

validation. Ensure proper installation of IoT sensors, 

connectivity to the IoT platform, and integration with 

existing waste management infrastructure. 
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Monitoring and Maintenance: 

Regularly monitor the system performance and 

conduct maintenance activities to address any issues or 

malfunctions. This may include sensor calibration, 

software updates, and hardware repairs to ensure the 

continued effectiveness and reliability of the smart 

waste segregation system. 

By following this methodology, organizations can 

develop and deploy effective smart waste segregation 

solutions using IoT and ML technologies, leading to 

improved efficiency, sustainability, and environmental 

impact in waste management practices. 
 

III. IMPLEMENTATION 
 

Implementing smart waste segregation through the 

integration of IoT and ML technologies represents a 

sophisticated approach to modernizing waste 

management systems. At the core of this 

implementation lies the strategic deployment of IoT 

sensors within waste collection points. These 

sensors, meticulously placed in bins or containers, 

serve as data collection points, capturing real-time 

information crucial for effective waste segregation. 

Parameters such as fill levels, waste types, and 

other pertinent details are continuously monitored and 

relayed to a centralized platform for analysis and 

action. 

Once data is collected, it undergoes a series of 

preprocessing steps to ensure its quality and 

reliability. Raw data often contains noise, outliers, or 

inconsistencies that must be addressed before it can 

be effectively utilized. Through preprocessing 

techniques like filtering, normalization, and feature 

extraction, the data is refined and prepared for the 

subsequent application of ML algorithms. 

The heart of the smart waste segregation system lies 

in the development and training of ML models. 

These models are designed to analyze the 

preprocessed data, identifying patterns, making 

predictions, and ultimately facilitating informed 

decision-making regarding waste segregation. 

Whether it's classifying waste into recyclable and 

non- recyclable categories or optimizing collection 

routes based on predicted fill levels, ML algorithms 

play a pivotal role in automating and enhancing waste 

management processes. 

The integration of ML models with the IoT platform 

enables real-time decision-making, allowing for swift 

responses to changing waste conditions. Through 

seamless communication between sensors, ML 

models, and the centralized platform, the system can 

autonomously trigger alerts, optimize collection 

schedules, or adjust segregation strategies based on 

the analysis of incoming data. 

Continuous monitoring and improvement are 

fundamental to the success of the smart waste 

segregation system. Feedback from users and 

stakeholders, coupled with ongoing performance 

evaluations, inform iterative refinements to the ML 

models and system architecture. This iterative 

approach ensures that the system remains adaptable 

and responsive to evolving waste management needs 

and challenges. 

With careful planning, meticulous execution, and 

ongoing maintenance, organizations can successfully 

implement smart waste segregation using IoT and ML 

technologies. By harnessing the power of data- driven 

insights and automation, they can optimize waste 

management processes, minimize environmental 

impact, and pave the way for a more sustainable 

future. 

IV. CONCLUSION 
 

In conclusion, the integration of IoT and ML 

technologies offers a promising solution to 

modernize waste management systems through 

smart waste segregation. By deploying IoT sensors 

and leveraging ML algorithms, organizations can 

collect real-time data, analyze it efficiently, and make 

informed decisions to optimize waste segregation 

processes. This approach enables automated sorting, 

dynamic route optimization, and timely interventions, 

leading to improved efficiency, reduced operational 

costs. 

Furthermore, the continuous monitoring and iterative 

refinement of ML models ensure adaptability and 

responsiveness to changing waste management 

needs and challenges. Through collaboration between 

stakeholders and ongoing innovation, smart waste 

segregation systems can evolve to meet evolving 

demands, ultimately contributing to a more 

sustainable and environmentally conscious approach 

to waste management. 

As we move towards a future marked by increasing 

urbanization and resource scarcity, investing in smart 

waste segregation using IoT and ML technologies 

becomes not only a strategic imperative but also a 

moral obligation. 
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