
 

International Research Journal on Advanced Engineering Hub (IRJAEH) 

e ISSN: 2584-2137 

Vol. 02 Issue: 03 March 2024 

Page No: 381 - 386  

https://irjaeh.com 

https://doi.org/10.47392/IRJAEH.2024.0056 

 

    

International Research Journal on Advanced Engineering Hub (IRJAEH) 
                         

381 

 

Green Symphony: A Brief Review of Waste Segregation Techniques  
Sivaranjani S1*, Priyanka Sherllyn S2, Deepaharshini G R3, Eunice J 4 
1, 2, 3UG, Civil Engineering, Thiagarajar college of Engineering, Madurai, Tamil Nadu, India. 
4Assistant Professor, Civil Engineering, Thiagarajar college of Engineering, Madurai, Tamil Nadu, India. 

Emails:ssivaranjani@student.tce.edu1,priyankasherllyn@student.tce.edu2,deepadharshini@student.tce.edu3, 

jeeciv@tce.edu4 

*Corresponding Author’s Orchid Id: https://orcid.org/0009-0008-8977-4067. 

 

Abstract 

Proper waste segregation poses challenges like insufficient awareness, inadequate infrastructure, and limited 

resources. In this study, we've scrutinized five waste segregation methods employing IoT, Arduino, Deep 

Learning, Machine Learning, and Artificial Intelligence. The IoT-based system utilizes sensors, and cameras 

to identify diverse waste types, transmit data to the IoT module, and activate sorting mechanisms like robotic 

arms [1]. This leads to remote monitoring, and automated waste sorting, fostering efficient recycling. An 

advanced garbage monitoring system with sensors and an Arduino Uno detects waste types, monitors garbage 

levels, and issues alerts when bins are full, contributing to waste management efficiency [2]. DL is integrated 

into the system, categorizing waste images using CNNs, and employing transfer nearest neighbor algorithm 

predicts waste management alerts based on three sensors, automating notifications to authorities with a 93.3% 

accuracy rate [3]. AI-driven waste segregation models, particularly for non-biodegradable plastics, reduce 

waste management costs, achieving over 80% accuracy in sorting plastics. The culmination is the (WSD) 

model [5], incorporating IoT, Arduino, ML, DL, and AI. Utilizing sensors and imaging devices, this model 

generates real-time data for efficient monitoring and sorting, featuring a K-nearest neighbor algorithm with 

93.3% accuracy and DL precision in material classification. The WSD model provides an automated and eco-

friendly solution, reducing manual labor and improving recycling practices for effective waste management. 

Advanced technology-based techniques like the WSD model offer solutions, emphasizing the importance of 

choosing technologies aligned with available resources and infrastructure for optimal impact. 
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1. Introduction 

Waste segregation is vital for efficient waste 

management, involving the separation of diverse 

waste types at the source. Challenges in this process 

vary across regions, urban-rural dynamics, and 

industrialization levels. Key challenges encompass a 

lack of awareness, inadequate infrastructure, 

recyclable contamination, inefficient collection 

systems, and resource constraints. 

2. Objectives 

The objective of this paper is to comprehensively 

review and analyze waste segregation systems 

leveraging the Internet of Things (IoT), Artificial 

Intelligence (AI), Machine Learning (ML), Deep 

Learning (DL), and Arduino technologies. The focus  

is on evaluating their efficacy, benefits, and 

challenges to contribute insights for advancing 

sustainable waste management practices. 

3. Role of Technology in Overcoming Waste 

Segregation Challenges 

Various technologies have been employed for 

segregating different types of waste. The Internet of 

Things (IoT) enables real-time monitoring to 

optimize waste collection routes and schedules. 

Smart bins with IoT capabilities guide users in proper 

waste segregation. Artificial Intelligence (AI) 

automates facility sorting processes, classifying 

waste based on visual characteristics. Predictive 

analytics assist in effective resource allocation 

through the analysis of waste generation patterns. 

Machine Learning (ML) optimizes waste collection 
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routes by analyzing historical data. Behavioral 

analysis tailor’s educational campaigns for improved 

waste segregation practices. Deep Learning (DL) 

excels in image recognition; automating waste 

sorting based on visual cues, and enhances quality 

control in recycling facilities for purer recycled 

materials. Arduino-based systems enable the 

development of cost-effective smart bin prototypes, 

encouraging proper waste disposal. 

4. Waste Segregation Techniques 

4.1 Internet of Things 

[1] The proposed IoT-based waste segregation 

system utilizes inductive and capacitive proximity 

sensors, along with image-capturing devices like the 

Pi camera, connected to the Arduino Uno 

microcontroller. Inductive sensors identify metallic 

waste by detecting induced eddy currents, while 

capacitive sensors identify non-metallic waste 

through changes in capacitance. Image-capturing 

devices aid in identifying specific materials such as 

plastics and paper. Data collected from these sensors 

are transmitted to the IoT module, triggering the 

segregation process, potentially involving 

mechanical systems like conveyor belts or robotic 

arms. The IoT module enables remote monitoring, 

providing real-time data for analytics, waste 

management optimization, and informed decision-

making, offering an automated solution for efficient 

waste sorting, recycling, and reuse. 

4.2 Arduino 

[2] This waste segregation system integrates 

advanced sensor technologies with the Arduino Uno 

as the central controller. Utilising ultrasonic, IR, and 

moisture sensors, along with a servo motor; the 

system intelligently monitors garbage levels, detects 

waste types, and ensures precise segregation. The 

Arduino Uno processes information from these 

sensors to make segregation decisions. When the bin 

is full, the ultrasonic sensor triggers an alert to the 

Arduino Uno, prompting a timely alert message to the 

computer. This comprehensive system efficiently 

monitors, detects, and segregates waste, making 

significant contributions to both waste management 

efficiency and environmental sustainability. 

4.3 Machine Learning 

[3] In the proposed waste management system, 

machine learning is used to make decisions based on 

the data collected from sensors. Specifically, the K-

nearest neighbour (KNN) algorithm is employed to 

predict whether an alert message should be sent based 

on the combination of three sensor values: the level 

of biodegradable waste, the level of non-

biodegradable waste, and the concentration of 

poisonous gases. The KNN algorithm is a supervised 

learning technique that classifies data points based on 

how closely they resemble known data points. In this 

case, the algorithm is trained on a dataset of sensor 

values to predict whether an alert message should be 

[6] generated. The accuracy of the KNN model is 

reported to be 93.3% at certain values of K, indicating 

its effectiveness in making decisions about waste 

management based on sensor data. Therefore, 

machine learning, specifically the KNN algorithm, is 

used to automate the decision-making process for 

sending alert messages to the relevant authorities 

based on the sensor. 

4.4 Deep Learning 

[4] Deep learning facilitates waste segregation by 

analysing waste images, utilising components like 

Convolutional Neural Networks (CNNs) to classify 

waste such as plastic, paper, metal, glass, and organic 

waste. Transfer learning fine-tunes pre-trained CNN 

models, reducing data and computational 

requirements. Data augmentation techniques enhance 

model [7] performance by increasing the training 

dataset through rotation, flipping, and cropping. 

Object detection algorithms like Faster R-CNN and 

YOLO identify waste objects in images for precise 

segregation, while segmentation techniques such as 

U-Net and Mask R-CNN improve accuracy by 

isolating [8] waste objects from the background. 

These components form a robust foundation for 

advanced deep-learning algorithms in waste material 

classification. [9] 

4.5 Artificial Intelligence 

[5] The Waste Segregator and Decomposer (WSD) 

model employs artificial intelligence (AI) techniques 

for automated waste segregation, focusing on non-

biodegradable materials like plastics. Utilizing 

machine learning and computer vision, the model 
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minimizes manual labor, enhancing efficiency and 

reducing costs in waste management. AI-driven 

smart recycling equipment ensures sustainable 

sorting and disposal, contributing to improving 

recycling methods. Intelligent garbage bins, equipped 

with machine learning, sort plastics from 

biodegradables at the source. Building on previous 

[10] studies, the WSD model aims for high accuracy 

rates, exceeding 80%, in segregating plastic and non-

plastic items. In summary, the WSD model harnesses 

AI for automated waste segregation, fostering 

sustainability in waste management. Comparative 

analyses are shown in Table 1. 

5. Comparative Analysis  

Table 1 Comparative analysis 

Parameters Internet of 

Things (IoT)  

Arduino Machine Learning  Deep Learning  Artificial 

Intelligence  

Waste 

characteristics  

Employs sensors 

and image 

devices, the 

system identifies 

diverse waste for 

segregation 

Analyze waste 

types (organic, 

recyclable, 

hazardous) for 

effective 

segregation 

Machine learning 

algorithms 

recognize and 

classify waste 

materials into 

plastics, paper, 

glass, and metals 

Segregates 

different types of 

waste for proper 

waste disposal or 

recycle  

Focuses on 

nonbiodegradable 

wastes such as 

plastics from 

household and 

industries 

Scale of 

operation  

Scalable design 

operates 

efficiently in small 

to large waste 

facilities. 

Ensure scalability 

to manage varying 

waste volumes 

effectively.  

KNN algorithm 

automates waste 

management alerts, 

ensuring 

operational 

scalability and 

efficiency. 

Ensures 

segregation at 

household, 

municipal, 

commercial, and 

industrial levels. 

WSD model suits 

various waste 

facilities, ensuring 

efficient and 

scalable 

performance. 

Environmental 

impact  

Automated 

segregation 

minimizes human 

exposure, 

enhances 

recycling, and 

ensures 

sustainability. 

Promote proper 

disposal, minimize 

harm, and support 

sustainable waste 

practices. 

ML in waste 

sorting enhances 

efficient, 

sustainable 

practices, 

supporting 

environmental 

conservation. 

Segregation cuts 

landfill impact, 

minimizing soil, 

water 

contamination, 

emissions, and 

habitat 

destruction. 

Uses microbial-

based decomposer 

models to degrade 

waste without 

releasing 

microplastics. 

Cost  The costs include 

high-quality 

sensors, devices, 

infrastructure 

setup, and long-

term maintenance 

requirements 

Smart waste 

segregation with 

Arduino Uno incurs 

setup, operational, 

and long-term 

maintenance costs. 

Machine learning 

in waste sorting 

needs investment in 

infrastructure, 

hardware, and 

personnel. 

High setup costs 

for waste 

segregation 

infrastructure, 

especially in 

large-scale 

operations. 

Automation costs 

more; IoT, and smart 

sensors increase 

system efficiency 

but add expenses 
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Technology 

maturity  

Utilizes 

established tech 

like sensors, and 

image recognition, 

reflecting a mature 

foundation. 

Arduino Uno 

ensures mature, 

reliable automation 

for waste 

segregation. 

Real-time waste 

sorting with fast 

machine learning, 

robust sensors, and 

hardware. 

Deep learning 

automates waste 

sorting, 

enhancing 

efficiency and 

classification 

accuracy. 

Uses AI, machine 

learning, computer 

vision to automate 

waste segregation 

Community 

acceptance  

Incorporates 

campaigns and 

communication 

for positive 

community 

reception of waste 

initiatives. 

  

The community 

embraces the 

intelligent waste 

segregation system, 

acknowledging 

precision, 

accessibility, and 

environmental 

sustainability 

contributions. 

The community 

embraces KNN-

based waste 

management, 

trusting its 93.3% 

accuracy, ensuring 

effective alert 

messages and 

responsiveness. 

Creates a positive 

impact on the 

community and 

the success leads 

to a circular 

economy 

WSD model gains 

community 

acceptance with AI-

driven, 80%+ 

accurate waste 

segregation. 

Resource 

availability  

Resources, 

including sensors, 

are readily 

available; regular 

maintenance 

ensures system 

performance.  

Resources, like 

energy and skilled 

personnel, are 

crucial for 

sustainable Arduino 

Uno waste 

segregation 

operations. 

Analyzing large 

volumes of data on 

the waste 

composition and 

sorting outcomes 

can help optimize 

the overall waste 

management 

process 

Deep learning 

demands ample, 

high-quality data, 

challenging in 

sensitive sectors 

due to privacy 

concerns. 

The components 

used in the WSD 

model are readily 

available and 

commercially 

accessible to the 

community. 

Integration 

with other 

technologies 

Seamless 

integration with 

image processing, 

and robotics 

enhances waste 

segregation 

efficiency. 

Arduino Uno waste 

segregation 

integrates with 

collection, 

treatment, 

monitoring, and 

data systems for 

effective and 

efficient waste 

management. 

Integration of 

hyperspectral 

imaging, and multi-

sensor fusion 

enhances precise 

waste material 

identification. 

Integrating CNNs 

and RNNs 

enhances waste 

segregation 

efficiency and 

accuracy. 

WSD integrates AI, 

ML, computer 

vision, and microbial 

decomposer 

technologies. 

Adaptability  Adaptable, design 

accommodates 

diverse waste 

streams and 

operational sizes 

effectively. 

Adaptable, Arduino 

Uno waste 

segregation ensures 

sustainability and 

long-term success. 

The adaptable 

KNN algorithm 

ensures users 

receive timely and 

accurate waste 

alerts. 

Adaptable deep 

learning model 

meets user needs, 

fostering a 

sustainable 

economy. 

WSD model is 

adaptable to 

community needs, 

and urban waste 

management. 
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6.  Results and Discussion 

 The proposed Waste Segregator and Decomposer 

(WSD) model stands out as the most comprehensive 

solution for efficient waste management. Combining 

IoT technology, Arduino integration, machine 

learning, deep learning, and artificial intelligence, the 

WSD model offers a holistic approach to waste 

segregation [11]. The utilization of inductive and 

capacitive sensors, image-capturing devices, and 

mechanical systems connected to an Arduino Uno 

provides real-time data for remote monitoring and 

optimized waste sorting [12]. The incorporation of 

the K-nearest neighbor algorithm in machine learning 

ensures intelligent decision-making. On sensor data, 

achieving an impressive accuracy of 93.3% [13]. 

Deep learning components, such as Convolutional 

Neural Networks and object detection algorithms, 

enhance waste material classification with high 

precision [14]. Finally, artificial intelligence 

techniques in the WSD model automate waste 

segregation, minimizing manual labor and 

contributing to sustainable recycling methods [15]. 

From Table 1 Comparative analysis, the WSD model 

emerges as the best choice, offering a robust, 

automated, and technologically advanced solution for 

efficient waste segregation and management. 

Conclusion 

While source segregation remains the ideal solution 

for waste management, its immediate 

implementation poses challenges. In the interim, 

leveraging advanced technology-based waste 

segregation techniques becomes crucial. Among 

these technological approaches, the Waste Segregator 

and Decomposer (WSD) model emerges as a 

pioneering solution. However, it's essential to 

acknowledge the flexibility of adopting alternative 

technologies based on specific situations and 

conditions. Recognizing the diversity of waste 

management needs, we should remain adaptable, 

selecting technology solutions that align with the 

available resources and infrastructural capacities. 
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