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Abstract - Waste management has become a critical 
challenge due to rapid urbanization and increasing waste 
generation. Traditional waste segregation methods are 
inefficient and prone to errors, leading to improper recycling 
processes. To address this issue, Artificial Intelligence-based 
techniques have been widely explored for automated waste 
classification. Deep learning models, particularly 
Convolutional Neural Networks (CNN) and YOLO, have shown 
significant potential in improving classification accuracy and 
enabling real-time detection. This paper discusses various 
deep learning approaches used for waste classification, 
highlighting their methodologies, advantages, and limitations. 
A comparative analysis of existing techniques is presented, 
along with key challenges such as dataset imbalance and 
environmental variations. The study also outlines future 
directions to enhance the performance and applicability of 
automated waste classification systems. 
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1. INTRODUCTION  
 
Waste management has become a serious global concern due 
to rapid urbanization and population growth. The increasing 
volume of waste has led to environmental pollution and 
inefficient recycling processes. Traditional waste 
management methods rely heavily on manual segregation, 
which is time-consuming, labor-intensive, and prone to 
human error. 
 
To overcome these limitations, automated waste 
classification systems have been developed using Artificial 
Intelligence (AI). Deep learning techniques, particularly 
Convolutional Neural Networks (CNN), have proven to be 
highly effective in image classification tasks by automatically 
extracting relevant features from input data. In addition, 
object detection algorithms such as YOLO (You Only Look 
Once) enable real-time identification and localization of 
waste materials, making them suitable for practical 
applications. 
 
These AI-based approaches improve classification accuracy, 
reduce manual effort, and support efficient waste 
management processes. This paper discusses various deep 
learning methods used for automated waste classification, 

analyzes their performance, and highlights the challenges 
and future directions in this domain. 

 
2. PROBLEM STATEMENT 
 
Despite advancements in technology, waste segregation 
remains inefficient due to several issues: 

• Manual sorting is labor-intensive and error-prone 
• Existing AI models lack real-time performance in 

practical environments 
• Dataset imbalance reduces model accuracy 
• Environmental variations (lighting, background) affect 

performance 
• High computational requirements limit deployment on 

low-power devices 

These challenges highlight the need for robust, accurate, and 
efficient automated waste classification systems. 

 
3. LITERATURE SURVEY 

 
Recent studies have focused on improving waste 
classification systems using deep learning techniques. 
Researchers have primarily used Convolutional Neural 
Networks (CNN) for image-based classification, while some 
approaches incorporate edge computing and real-time 
detection to enhance system efficiency. Although these 
methods show promising results, they still face challenges 
related to computational limitations and environmental 
variations. 
 
Table -1: Comparative Analysis of Existing Methods 
 

Autho
r & 
Year 

Method 
Used 

Dataset Accu
racy 

Limitations 

A. 
Gupta 
et al. 
(2020 

CNN + 
Edge 
Comput
ing 
(Waste
Net) 

Custom 
Dataset 

82% 
 

Efficient edge-
based system 
but limited by 
hardware 
capability 

P. 
Sharm
a et al. 
(2022 

Deep 
Learnin
g (CNN) 

Image 
Dataset 

83% Class 
imbalance 
affects model 
performance 



        International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-005               
:             Volume :13 Issue: 04 | Apr  2026          www.irjet.net                                                                           p-ISSN: 2395-0072 

  

© 2026, IRJET       |       Impact Factor value: 8.315            |             ISO 9001:2008 Certified Journal       |            Page 969 

Y. Li et 
al. 
(2023 

Deep 
Learnin
g Model 

Garbage 
Dataset 

85% Sensitive to 
environmental 
variations 

H. 
Zhang 
et al. 
(2020 

Deep 
CNN 

TrashN
et 
Dataset 

86% High accuracy 
but 
computationall
y expensive 

M. 
Patel 
et al. 
(2024 

CNN-
based 
Model 

Image 
Dataset 

87% Limited real-
time 
implementatio
n 

G. 
Thung 
et al. 
(2016 

Traditio
nal ML 
+ CNN 

TrashN
et 
Dataset 

63% Early-stage 
model with 
lower accuracy 

H. 
Yang et 
al. 
(2019 

Deep 
Learnin
g 

Model 
Dataset 

84% Lacks 
robustness in 
real-world 
scenarios 

 
From the above analysis, it is evident that deep learning 

models, particularly CNN-based approaches, dominate the 
field of waste classification. While newer architectures such 
as EfficientNet improve accuracy, challenges such as 
computational complexity, dataset limitations, and real-time 
deployment still persist. 

From the above comparison, it can be observed that CNN-
based approaches are widely used for waste classification 
due to their ability to extract meaningful features from 
images. However, traditional models mainly focus on 
classification and do not support real-time detection. Edge-
based systems improve response time but are limited by 
hardware constraints.  

Additionally, most models are sensitive to environmental 
conditions such as lighting and background variations. 
Therefore, integrating classification and detection techniques 
can help improve overall system performance and make 
waste classification systems more efficient and practical.  
 

4. TECHNIQUES USED 
 
Deep learning techniques are widely used in automated 
waste classification systems for analyzing image data 
efficiently. Among these, Convolutional Neural Networks 
(CNN) and YOLO are commonly applied due to their 
effectiveness in classification and detection tasks. 
 

4.1 Convolutional Neural Networks (CNN) 
 

Convolution Neural Networks (CNN) are widely used for 
image classification tasks. They consist of layers such as 
convolutional and pooling layers that extract important 
features like edges, textures, and shapes from images. In 
waste classification, CNN models help categorize waste into 
different classes with good accuracy. Due to their ability to 

automatically learn features, CNN-based approaches are 
commonly used in existing research. 
 

4.2 YOLO (You Only Look Once) 
 

YOLO is a real-time object detection algorithm that 
identifies objects and their locations in an image. It processes 
the image in a single step, making it faster than traditional 
methods. In waste classification systems, YOLO helps in 
detecting and locating waste materials, which improves 
system efficiency and supports real-time applications. 
 

4.3 Hybrid Approach (CNN + YOLO) 
 
 Hybrid approaches combine CNN for classification and 
YOLO for detection. This integration improves both accuracy 
and speed, making the system more effective for practical 
use. Such approaches are increasingly used in modern waste 
classification systems. 
 
5. RESEARCH GAP 
 

Based on the literature survey, the following research 
gaps are identified: 

• Lack of integration between classification and real-time 
detection 

• Limited availability of large and balanced datasets 
• Poor generalization in real-world environments 
• High computational cost of deep learning models 
• Limited deployment on edge devices 

Addressing these gaps can significantly improve system 
performance and practical applicability. 
 

6. METHODOLOGY 
 

The proposed system for automated waste classification 
follows a structured pipeline that integrates image  
 

Fig.1  Proposed System Architecture for Waste Classification 
using CNN and YOLO 
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processing, deep learning models, and decision-making 
mechanisms. The overall workflow, as illustrated in Fig.1:  
Proposed System Architecture for Waste Classification using CNN 
and YOLO, consists of multiple stages including image 
acquisition, preprocessing, waste detection, classification, 
and report generation. This architecture is designed to 
ensure accurate and efficient waste segregation in real-time 
environments. 

 
6.1 System Overview 

 
The system involves three main entities: User, Admin, 

and Waste Collection System. The user interacts with the 
system by providing input images of waste materials. The 
waste collection module manages the collection process, 
while the admin monitors system performance and updates 
the model when required. The system processes the input 
data through a deep learning pipeline and stores relevant 
information in databases for further use. 

 
6.2 Image Acquisition 

 
The first stage involves capturing images of waste 

materials using cameras or sensors. These images are 
collected from real-world environments such as smart bins or 
recycling units. The captured images are stored in the Image 
Database, which serves as a repository for training and 
testing purposes. 

 
6.3 Image Preprocessing 

 
In this stage, the acquired images are preprocessed to 

improve their quality and consistency. Preprocessing steps 
include image resizing, normalization, noise reduction, and 
data augmentation techniques such as rotation and flipping. 
These operations enhance the robustness of the model and 
improve its ability to generalize across different 
environmental conditions. 

 
6.4 Waste Detection using YOLO 

 
The preprocessed images are then passed to the YOLO 

(You Only Look Once) model for object detection. YOLO 
identifies and localizes waste objects within the image by 
drawing bounding boxes around them. This step is crucial for 
real-time applications, as YOLO processes the image in a 
single pass, making it faster compared to traditional detection 
methods. 

 
6.5 Waste Classification using CNN (ResNet) 

 
After detection, the identified waste objects are classified 

using a Convolutional Neural Network (CNN), specifically the 
ResNet architecture. The model extracts deep features from 
the detected objects and classifies them into categories such 
as plastic, metal, paper, glass, or organic waste. The trained 
model parameters are stored in the Model Database for 
efficient reuse and updates. 
 
 
 

6.6 Recycling Decision 
 
Based on the classification results, the system determines 

the appropriate recycling or disposal method for each type of 
waste. This step helps in automating the segregation process 
and ensures that waste materials are directed to the correct 
recycling streams. 

 
6.7 Report Generation 

 
Finally, the system generates a report containing 

classification results, detected waste types, and suggested 
recycling actions. These results are stored in the Result 
Database and can be accessed by the admin for monitoring 
and analysis. The report also helps in tracking system 
performance and improving future predictions. 

 
7. CHALLENGES 
 
Despite the advancements in deep learning-based waste 
classification systems, several challenges still affect their 
performance and real-world applicability. One of the major 
issues is the availability of limited and imbalanced datasets, 
which can reduce model accuracy and generalization 
capability. 

 
• Limited and Imbalanced Datasets:  
Insufficient and uneven data distribution leads to biased 
model training and reduced accuracy.  

• Environmental Variations and Similarity:  
Changes in lighting, background, and similar visual features 
among waste categories make accurate classification difficult.  

• High Computational Requirements:  
Advanced models require significant processing power, 
limiting deployment on low-resource devices.  

• Real-Time and Deployment Issues:  
Achieving high accuracy with low latency and integrating 
systems into real-world applications remain challenging.  
 
These challenges highlight the need for more efficient and 
robust models for practical waste management systems. 
 
8. FUTURE SCOPE 
 
Future research can focus on the following areas: 
 
• Development of lightweight models for edge devices 
• Integration of IoT with smart waste management systems 
• Use of Transformer-based models for improved accuracy 
• Creation of large and diverse datasets 
• Implementation of Explainable AI (XAI) 
 
9. CONCLUSIONS 
 
Deep learning techniques have improved automated waste 
classification systems by enabling accurate identification of 
waste materials. CNN is widely used for classification, while 
YOLO enhances real-time detection capabilities. The analysis 
shows a shift from traditional classification methods to 



        International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-005               
:             Volume :13 Issue: 04 | Apr  2026          www.irjet.net                                                                           p-ISSN: 2395-0072 

  

© 2026, IRJET       |       Impact Factor value: 8.315            |             ISO 9001:2008 Certified Journal       |            Page 971 

hybrid approaches that improve overall system 
performance. However, challenges such as dataset 
limitations and computational requirements still exist. 
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