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Abstract- Rapid urbanization and rising levels of 

consumption have been a major contributor to the 

amount of solid waste that is produced globally and this 

has created a serious environmental and health risk to the 

population. The inefficient source segregation of waste is 

one of the main bottlenecks of the modern waste 

management systems. The conventional sorting 

techniques are extremely time consuming, dangerous to 

the worker and can easily be subject to human errors. 

Over the past few years, scholars have studied the concept 

of artificial intelligence and deep learning to automate the 

process of waste classification by using image 

recognition, and they have suggested models utilizing 

Convolutional Neural Networks (CNNs) and transfer 

learning frameworks, including ResNet and MobileNet, to 

enhance classification performance.Nevertheless, the 

available literature can be prone to small datasets, 

complex and computationally intensive models, or 

controlled laboratory settings, which impair their 

application in real-world smart waste management 

systems to a considerable degree. Most of the proposed 

methods are also not scalable and cannot be implemented 

in real-time, which makes them inappropriate when it 

comes to integrating them into embedded or edge 

computing devices that are prevalent in the smart city 

infrastructure.In this paper, the review of the recent deep 

learning solutions to the problem of waste image 

classification will be provided, and the main research 

gaps in the literature will be identified. The research will 

use the YOLOv8 (You Only Look Once) architecture as 

an automated waste segregation system based on the 

lightweight deep learning framework, suggested in light 

of the gaps identified. In contrast to two-stage detectors, 

the single-stage object detection pipeline of YOLO has the 

ability to localize and classify objects in multiple classes 

(e.g., plastic, paper, glass, and metal, and organic waste) 

at once, making it a real-time inference system, which can 

be used to deploy smart bins and conveyor-belt sorting 

devices.The suggested framework is educated and 

assessed with the help of the wide variety of augmented 

waste picture data and estimated with the help of typical 

measures such as mean Average Precision (mAP), 

precision, recall, and performance speed. The system is 

designed to achieve a high degree of classification 

accuracy with a computational efficiency that is efficient 

enough to be used in real time applications and, thus, 

facilitates efficient recycling operations, less manual 

sorting and effort, and leads to sustainable smart city 

waste management systems. 
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I. INTRODUCTION 

 

1.1 Background of the Study 

 

Waste management is now emerging as a major issue 

in the world with the high rate of urbanization, 

industrial development, and consumption growth. 

The increasing volume of municipal solid waste is a 

great issue with environmental, economic, and people 

health concerns. Segregation of waste at source is one 

of the most important actions in proper waste 

management, as it contributes to better recycling, as 

well as minimizing the number of landfills. 

 

Historically, the separation of waste is performed 

manually by the sanitation workers. This is very 

cumbersome, time wasting and workers are subjected 

to dangerous substances, thus health hazards. What is 

more, hand sorting is subject to human error, which 

leads to inappropriate sorting and low quality of 

recycling. 

 

The vigorous development of Artificial Intelligence 

(AI) and Deep Learning has led to the special interest 

in automated waste classification systems. 

Convolutional Neural Networks (CNNs) and other 

deep learning models have been shown to be very 



© MAY 2026 | IRE Journals | Volume 9 Issue 11 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I11-1717898 

IRE 1717898          ICONIC RESEARCH AND ENGINEERING JOURNALS 2379 

accurate when it comes to image recognition. These 

models are able to identify various types of waste 

including plastic, paper, metal, glass and organic 

waste by interpreting the images of waste. 

 

TrashNet and other datasets of waste images have 

facilitated the training and evaluation of deep 

learning models by researchers to classify waste in an 

automated way. The developments provide a 

possibility to create intelligent waste segregation 

systems, which would allow enhancing the recycling 

process and facilitate the deliberate waste 

management strategies 

 

1.2 Problem Statement 

 

The sorting of waste is an important process in 

managing waste and in most urban centers the 

process is being done in a manual manner. Manual 

sorting is laborious, time consuming, unsafe to 

sanitation workers and is subject to human errors. 

The inappropriate segregation causes less recycling 

effectiveness, environment pollution and landfill 

wastes. 

 

Though a number of automated systems based on 

deep learning were suggested, most of them are 

limited in their accuracy, small datasets, and high-

computational costs, which prevents their 

implementation in practice. 

 

Thus, it is necessary to design a realistic, lightweight, 

and automated waste classification system based on 

deep learning with image classification methods that 

may effectively distinguish between various 

categories of waste and aid in real-time intelligent 

waste management. 

 

1.3 Motivation 

 

Efficient waste segregation is essential for improving 

recycling processes and reducing environmental 

pollution. However, manual waste sorting remains 

inefficient and unsafe, highlighting the need for 

automated solutions. Recent advances in deep 

learning and image classification provide an 

opportunity to develop intelligent systems that can 

automatically identify different types of waste. 

Developing a lightweight and accurate deep learning-

based waste classification system can help automate 

waste segregation, reduce human effort, improve 

recycling efficiency, and support smart waste 

management initiatives in modern cities. 

 

1.4 Objectives of the Study 

 

Objective 1: To collect and pre-process a diverse 

dataset of multiple waste categories for image-based 

classification. 

 

Objective 2: To design and develop a lightweight 

deep learning model for accurate multi-class waste 

classification. 

 

Objective 3: To evaluate the model performance 

using metrics such as Accuracy, Precision, Recall, 

and F1-score. 

 

Objective 4: To analyze existing deep learning 

techniques used for waste image classification. 

 

1.5 Contributions of the Paper 

In this paper, the current issues related to waste 

classification systems based on deep learning are 

thoroughly analyzed. Following the analysis of the 

available literature, a number of constraints are also 

mentioned, including small datasets, computation 

intensive nature, and the absence of real-time 

implementation. 

 

The key contributions of the study are as follows: 

• A systematic review of the deep learning 

methods applied in smart waste management 

systems to classify waste images. 

• Determining the major research gaps in the 

current literature regarding dataset limitations, 

model efficiency, and real time applicability. 

• A lightweight deep learning architecture to be 

proposed and used to classify multi-class wastes 

using image material. 

• Testing of the suggested model in terms of 

performance, based on conventional measures 

like accuracy, precision, recall, and F1-score to 

justify real-time smart waste segmentation 

systems. 
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1.6 Organization of the Paper 

 

The remainder of this paper is organized as follows. 

Section 5 presents the literature review and discusses 

existing research related to deep learning-based waste 

classificationsystems. 

 

Section 6 describes the proposed methodology and 

system design for automated waste classification.                                                                                                                     

Section 7 outlines the expected results and 

discussion, including the evaluation strategy for the 

proposedmodel. 

 

Section 8 discusses potential applications and use 

cases of the system in real-world waste management 

scenarios. 

 

Finally, Section 9 concludes the paper by 

summarizing the key findings, research contributions, 

and future research directions. 

 

II. LITERATURE REVIEW 

 

2.1 Thematic Classification of Literature 

More recent studies have studied the application of 

artificial intelligence and deep learning algorithms to 

enhance waste management systems. Specifically, 

waste classification through images has also attracted 

interest to be a functional method of automating 

waste separation. The ways in which existing studies 

may be organized are broadly divided into three 

groups: traditional machine learning approaches, 

deep learning-based approaches, and advanced 

models or hybrids. 

 

2.1.1 Classical methods of machine learning. 

Initial research on waste classification was based on 

conventional machine learning techniques including 

Support Vector Machines (SVM), k-Nearest 

Neighbors (k-NN) and Random Forest. These 

methods were normally done with manual feature 

extraction methods like color, texture, and shape 

features. Although these techniques were performing 

moderately, they were not very accurate as they 

mostly relied on handcrafted characteristics and were 

unable to extract intricate patterns in image data. 

 

2.1.2 Deep Learning Approaches 

Convolutional Neural Networks (CNN) have recently 

gained widespread application as a method of waste 

classification based on images with the development 

of deep learning. Multiple works have used CNN 

models and transfer learning, including ResNet, 

MobileNet, VGG, and EfficientNet to enhance the 

accuracy of classification. These are auto-learned 

models that take images as inputs and have been 

shown to be much more improved than conventional 

machine learning methods. Other publicly available 

datasets like the trash net and other waste image 

datasets have also been used by many researchers to 

train and test deep learning models. 

 

2.1.3 Object Detection and Real-time Methods. 

Other object detection frameworks, including YOLO 

(You Only Look Once), have also been examined in 

recent years as a tool that can be used to build a 

waste detection and classification system in real-time. 

These methods allow the system to identify various 

waste objects in complicated scenarios and give 

prompt inference that would be utilized in real-time. 

They can be applied especially when it comes to 

smart waste bins and automated recycling systems. 

 

2.1.4 Advanced and Hybrid Approaches. 

Other more recent works use several deep learning 

systems together or deep learning with Internet of 

Things (IoT) systems to create intelligent waste 

management solutions. Ensemble learning and 

transformer-based methods represent another type of 

hybrid method that have been suggested to enhance 

the classification accuracy and system performance. 

These strategies are supposed to address the 

shortcomings of single models and assist in their real-

life implementation in smart cities. 

 

2.2 Comparative Analysis of Existing Methods 
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4.3 Critical Review 

The literature under review shows that the deep 

learning methods have greatly enhanced the 

efficiency of the waste-classification systems. 

Convolutional Neural Networks (CNN), transfer 

learning systems (ResNet, MobileNet, EfficientNet), 

and object detection systems (YOLO) have proven to 

be very accurate in detecting various kinds of waste. 

Such strategies allow automatic waste sorting and can 

be used to facilitate intelligent waste management 

systems. 

 

Nevertheless, even with such improvements, there 

are a number of shortcomings in the current research. 

Most models are trained using relatively small or 

controlled datasets, which restricts their performance 

to be used in real-world scenarios where waste 

objects can be found in varied lighting and 

background conditions and orientations. Some other 

studies are also concerned mainly with the 

enhancement of the classification accuracy with no 

mind on the computational efficiency as well as the 

model complexity. 

 

The other problem found in literature is that it does 

not have real-time deployment and scalability. There 

are models of deep learning which need a lot of 

computational power and powerful hardware and are 

not easy to apply in real-world applications of smart 

waste management systems including smart bins or 

embedded devices. Moreover, most of the studies 

only classify a few categories of waste limiting the 

relevance of the system in the actual waste 

management situations where the types of waste are 

varied. 

 

In general, although the difficulty of the waste 

classification system based on deep learning seems to 

have promising results, models that are lightweight, 

accurate, and can work effectively under real-time 

settings with a variety of waste types are necessary. 

Overcoming these obstacles can help to enhance the 

efficiency of automated systems of waste segregation 

and help to implement sustainable practices of waste 

management. 

 

4.4 Identified Research Gaps 

Even though it has achieved much in automated 

waste classification using deep learning techniques, 

there are still a number of important research gaps. 

 

To begin with, most of the available studies use small 

or limited datasets to find that limits generalization 

capability of models to the real-world waste 

management context. Models that are trained using 

small datasets tend to break when they are used with 

different waste images that are taken under varying 

lighting conditions, backgrounds and orientations. 

 

Second, some of the high-performing models are 

based on complex deep learning networks that are 

computationally expensive, thus they cannot be 

deployed in real-time smart waste management 

systems or portable controllers like smart bins. 

 

Third, most of the available research emphasized 

mainly on classification accuracy and other such 

aspects as model efficiency, scalability, and ability to 

process real time have not been sufficiently 

considered. 

 

Fourth, many studies only classify a small number of 

waste types, yet in the real-world waste management 

system there are several types of waste that need to 

be classified. 

 

Lastly, there is little practical implementation and 

experimentation of automated waste segregation 

systems. In the majority of studies, their models are 

tested in controlled conditions without any 

experiment to assess their performance in real-life 

situations in waste management. 
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III. PROPOSED METHODOLOGY 

 

3.1 System Overview 

 

The aim of the proposed system is to create a smart 

waste classification system based on deep learning 

which will be capable of classifying various wastes 

based on image classification. The system is based on 

the trained deep learning model that allows 

classifying waste images into various categories, 

including plastic, paper, glass, metal, and organic 

waste. 

The general workflow of the system is based on the 

collection of a labeled dataset of waste images, and 

the data processing and augmentation to enhance the 

model generalization. The images are then 

preprocessed and then trained through a lightweight 

deep learning model, e.g. a Convolutional Neural 

Network (CNN) or a transfer learning model like 

MobileNet. 

 

After training the model, it is tested based on 

conventional performance measures, including 

accuracy, precision, recall, and F1-score. The trained 

model can then be incorporated in an intelligent 

waste system where it would be used to classify 

waste images in real time. The model output is useful 

in that it facilitates the automatic segregation of 

waste in the right categories to enhance the efficiency 

of recycling and save labor. 

 

 
3.2 Workflow Diagram 

The suggested system has a systematic methodology 

of automated waste classification through deep-

learning-based approach. This is done by first 

gathering waste image data of publicly available 

databases like TrashNet or other waste classification 

databases. The images obtained are then preprocessed 

in order to enhance the quality of input data. Image 

resizing, image normalization and image data 

augmentation options like rotation, flipping and 

scaling are also used as pre-processing steps to 

enhance the diversity of the dataset. 

 

Upon the pre-processing, the prepared dataset is split 

into training, validation, and testing chunks. The 

training dataset is then fed into a deep learning 

model, e.g. a Convolutional Neural Network (CNN) 

or a transfer learning architecture such as Mobile-

Net, which is trained. The model is trained to detect 

visual patterns and features that are related to various 

types of wastes. 

 

After the training, the model is tested on the test 

dataset. Evaluation metrics like accuracy, precision, 

recall and F1-score are used to measure performance. 

The trained model can be deployed and used to 

classify wastes in real time. As a new waste image is 

fed to the model, it processes the image and gives the 

right waste category. The automated classification of 

waste can be supported by the output classification 

result. 

 

Workflow Steps 

1. Waste Image Dataset Collection 

2. Image Pre-processing and Data Augmentation 

3. Dataset Splitting (Training, Validation, Testing) 

4. Model Training using Deep Learning Algorithms 

5. Model Evaluation using Performance Metrics 

6. Waste Image Classification 

7. Automated Waste Segregation Output 
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3.3 Dataset Description 

 

The data in this research is given in the form of 

labeled photographs of various categories of waste. 

Waste image classification studies generally use 

publicly available datasets like Trash-Net and other 

garbage classification datasets. These datasets 

include the images of the different waste materials 

under different conditions. 

 

 
 

In this study, the dataset consists of pictures that 

represent several categories of waste plastic, paper, 

glass, metal and organic waste. All the images are 

marked based on the type of waste. The dataset is 

processed by first preprocessing steps such as image 

resizing, image normalization, and image data 

augmentation before training the model. The 

measures contribute to enhancement of the deep 

learning model performance and the generalization 

ability. 

 

The data is split into three subsets, namely training, 

validation, and testing. The deep learning model is 

trained on the training set, model parameters are 

tuned on the validation set and the final model 

performance is tested with the help of the testing set. 

 

With the aid of a correctly organized set of data, one 

can be confident in the ability of the created model to 

acquire visual features and rightly categorize various 

wastes in real-life waste management scenarios. 

 

IV. EXPECTED RESULTS AND 

DISCUSSION 

 

4.1 Expected Outcomes 

The suggested waste classification system which is 

based on the deep learning platform is likely to 

enhance the efficiency and accuracy of the waste 

segregation process. Through image classification 

methods, the model ought to be in a position to 

automatically detect the various types of waste like 

plastic waste, paper waste, glass waste, metal waste, 

organic waste among others. The system is also 

supposed to attain good classification as well as 

computational efficiency with a real time application. 

Data preprocessing methods, transfer learning models 

can also be used to further increase the generalization 

of the model across various waste images. The 

suggested lightweight architecture will also lead to a 

lower cost of computation and hence will be 

applicable to use with the smart waste management 

systems like the smart bins or automated recycling 

center. 

 

4.2 Comparative Evaluation Plan. 

To test the effectiveness of the proposed model, the 

performance will be compared to the current deep 

learning methods in the classification of wastes. The 

assessment will be done based on the standard 

performance measures including Accuracy, 

Precision, Recall and F1-score. On top of that, the 

computational efficiency and inference time of the 

model will be evaluated to ascertain its effectiveness 

in the deployment in real-time application. 

 

4.3 Discussion 

The suggested method will be able to overcome some 

of the drawbacks presented in the literature such as 

small data sets, complexity in computation, and lack 

of practical applicability. The system is likely to offer 

dependable performance of waste classification 

through the development of a lightweight deep 

learning model and appropriate data preprocessing 

methods. Findings can be used in the enhancement of 
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automated waste sorts and sustainable waste 

management in smart city settings. 

 

V. APPLICATIONS AND USE CASES 

 

The suggested waste classification system developed 

on the principles of deep learning can be applied in 

the contemporary waste management and smart city 

settings on several practical ways. Computerized 

trash sorting will go a long way in enhancing the 

recycling process as it will help in accurately 

identifying the various types of waste and eliminate 

the necessity of manual sorting. 

 

A potential use is in intelligent waste bins, where 

cameras and systems can scan images of waste and 

identify them automatically and then dispose them. 

This will assist in making sure that the waste is in the 

right compartment so that the recycling process is 

enhanced and the recyclable waste is not 

contaminated. 

 

The system also can be used in recycling plants and 

waste processing factories where sorting systems can 

be automated to achieve a faster way of segregating 

waste and how to save on operational expenses. The 

model can be combined with conveyor belt systems 

and robot arms to automatically dispose waste 

materials to the relevant recycling facilities. 

 

The suggested system can also be used to facilitate 

smart city projects because it allows intelligent waste 

management systems. Such systems allow municipal 

authorities to track waste streams, optimize the 

process of recycling, and minimize the level of waste 

in landfills. 

 

Academically, the study can help build AI-based 

environmental solutions, and the deep-learning 

implementation in sustainability and environmental 

well-being requires further investigation. 

 

CONCLUSION 

 

This paper has given an in-depth review of deep 

learning methods applied to classify waste in smart 

waste management systems. The analysis of the 

literature reviewed the current literature and revealed 

the increasing popularity of image classification 

methods including, Convolutional Neural Networks 

(CNN), transfer learning models, and object detection 

systems in waste sorting activities. The literature 

review showed that the accuracy levels of the deep 

learning models can be high in waste classification, 

but it has a number of limitations, such as small 

samples, high computational complexity, and 

inability to run in real-time. 

 

According to the research gaps, this study suggested 

a lightweight deep learning-based model of 

automated waste classification with the use of image 

data. The suggested plan is aimed at enhancing the 

accuracy of classification and preserving the 

computational efficiency to be used in the smart 

waste management systems in real-time. The 

algorithm includes the preparation of data, model 

training, and quantification of results with 

conventional measures, which are accuracy, 

precision, recall, and F1-score. 

 

It is assumed that the proposed system will facilitate 

the increased automated waste separation and 

efficient waste recycling, as well as the decrease in 

environmental pollution. Future research can be 

aimed at increasing the scale of the dataset, 

enhancing the resilience of the model in the real-life 

setting, and integrating the system with the use of the 

IoT-based smart waste management systems to 

facilitate the idea of the sustainable smart city. 
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