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Abstract—Effective waste management plays an important 

role in reducing environmental pollution and promoting 

sustainable development. Analysing manual waste is a time-

consuming, labour-intensive, and error-prone process. With 

advances in machine learning techniques, automated waste 

separation systems have emerged as a promising option. This 

article provides a comprehensive review of waste identification 

using machine learning, highlighting the various methods, data, 

and performance measures used in recent research. We discuss the 

challenges, opportunities, and future directions for the 

development of smart waste management. 
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I. INTRODUCTION 

The growing global interest in environmental sustainability 
and waste management has led to a growing demand for quality 
waste products. Traditional methods rely on manual verification, 
which is expensive, time consuming and prone to human error. 
Machine learning algorithms have shown great potential in 
automating waste sorting, increasing efficiency and accuracy, 
and reducing the environment. This article aims to review the 
latest developments in waste classification using machine 
learning, highlighting the work done and the challenges faced. 

Waste management is a global problem with significant 
environmental and social impacts. Waste classification is an 
important part of waste management, which aims to separate 
wastes into different streams based on their properties and 
composition. waste segregation has many benefits that make 
waste management efficient. This section discusses the 
advantages of waste separation, including the use of recycled 
materials, reducing landfill use, reducing environmental 
pollution, conserving resources, and improving public health 
and safety. It demonstrates the benefits that waste segregation 
can provide for the environment and people in general. 

Solid waste handling requires clear strategies and guidelines. 
This section explores various strategies to separate waste at 
different levels, including domestic, commercial, and industrial 
environments, the importance of providing appropriate structure 
such as individual boxes, coloured boxes, and clear labels. The 
role of technology and automation in supporting the disposal 
process is also important. Despite its importance, waste 
segregation faces many challenges. 

 

II. LITERATURE REVIEW 

In [1] Solid and hazardous garbage are increasing quickly in 

both amount and type as a result of ongoing economic 

expansion. According to estimates, there were 2.02 billion tons 

of municipal solid trash produced worldwide in 2005–2006, a 

rise of 7% every year since 2003. To reduce the danger to 

patients', the public's, and the environment's health and safety, 

waste must be carefully handled during collection, 

transportation, management, and disposal. In order to send 

home waste directly for processing, this study suggests an 

Automated Waste Segregator (AWS), which is a simple and 

affordable option. Its purpose is to separate the garbage into dry 

and moist trash..Capacitive sensors are used by the AWS to 

differentiate between wet and dry trash. Experimental findings 

demonstrate that the AWS has effectively integrated the 

separation of waste into moist and dry waste.. 

In [2] Both interior and outdoor waste disposal are largely done 

manually. This is unclean, and it takes a lot of expensive human 

resources to complete. Some outdoor garbage management is 

mechanized. This study discusses a plan to fully automate 

indoor waste management by upgrading the intelligence of the 

current disposal outlets and utilizing a mobile garbage 

collection robot. The robot is made in such a manner that it can 

locate a full trash can and gather rubbish in a compartment for 

storage..Based on the Wave Front Algorithm, the RSSI 

(Received Signal Strength Indicator) value from the message 

received is utilized to determine which trashcan is full and 

where it is located. The suggested system is a strong contender 

for waste management since it consumes electricity 

significantly more efficiently than the current technologies. 

In [3] Along with the rapid population expansion and pollution, 

rubbish management has become a dangerous issue in 

developing nations during the past few decades. It has been 

discovered that most places do not promptly empty overflowing 

trash cans, which leads to a disease-ridden environment and 

weak nations. The suggested architecture creates an IOT-based 
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smart waste monitoring system that can determine the amount 

of trash in the dustbin and show the status and position of bins 

on a web server using Wi-Fi and GSM. The coordination 

between the transportation process and rubbish collection will 

be improved by this method. 

In [4] The buildup of solid trash in metropolitan areas is 

becoming a major problem, resulting in environmental 

contamination and perhaps endangering human health if not 

adequately handled. To manage a range of waste products, an 

advanced/intelligent waste management system is required. 

One of the most significant phases in waste management is the 

separation of garbage into its many components, which is often 

done manually by hand-picking. To simplify the process, Using 

machine learning technologies, it proposed a trash 

categorization system that can distinguish between various 

waste components. Using machine learning technologies, it 

proposed a trash categorization system that can distinguish 

between various waste components. This technology can be 

used to classify garbage automatically, lowering the need for 

human intervention and reducing pollution and illness. When 

evaluated against the trash dataset, the outcome had an accuracy 

of 87%. Using our approach, the garbage will be separated more 

quickly and intelligently, possibly even with less input from 

humans. The accuracy of the system can be increased by 

including more images in the dataset. By adjusting some of the 

used parameters, it will eventually improve our system so that 

it can classify more trash items. 

In [5] The study's results show that, compared to the 23-layer 

network with images of 227 x 227 pixels, our 15-layer network 

performs effectively with images of resolutions more than twice 

as low. The four primary categories of segregated rubbish are 

typically appropriately categorized. Our network also has the 

advantage of learning more quickly than the AlexNet network, 

especially for photos with a 120 x 120 pixel resolution. The 

findings of the study demonstrate that our 15-layer network 

performs well with images of resolutions more than twice as 

low as the 23-layer network with images of 227 x 227 pixels. 

In the majority of cases, the four basic groups of segregated 

trash are correctly classified. A further benefit of our network 

is that it learns faster than the AlexNet network, particularly for 

images with a resolution of 120 × 120 pixels. 

In [6] People's everyday rubbish production is increasing by the 

day. How to properly identify rubbish can help you save time 

and money. The GC-YOLOv5 garbage categorization model is 

built in this paper and is based on the YOLOv5 object detection 

network. First, five typical types of garbage were picked based 

on the frequent daily garbage category, data was cleaned, 

categorized, and a garbage dataset was generated.Second, using 

our datasets, it created and trained the GC-YOLOv5.Third, they 

deploy the trash classification model in the cloud due to the 

convenience of multi-terminal access and the reduction of 

processing strain on edge devices.The testing findings reveal 

that GC-YOLOv5 can accurately identify garbage categories 

and locate garbage. The GC-YOLOv5 garbage categorization 

model is based on the YOLOv5 object detection network. First, 

five typical types of garbage were picked based on the frequent 

daily waste category, data was cleaned, categorized, and a 

garbage dataset was generated. Furthermore, the GCYOLOv5 

was created and trained using our datasets. 

In [7] Waste management is one of contemporary society's most 

difficult tasks. Municipal Solid Waste (MSW) must be 

classified into several sorts, including bio, plastic, glass, metal, 

paper, and so on. Neural networks are among the most efficient 

approaches offered by researchers thus far. This study provides 

a thorough summary of the present deep learning algorithms 

that have been suggested to categorize garbage. This study 

presents a framework for categorizing trash into the categories 

defined in the benchmark techniques. EfficientNet-B0 was the 

classification architecture employed. These are Google's 

compound-scaling-based models that were pretrained on 

ImageNet and have an accuracy of 74% to 84% in top-1 over 

ImageNet. It used transfer learning techniques to improve the 

classification accuracy of a base model B0 for solid waste 

images, making it comparable in this domain to the B3 model, 

achieving an 85% image classification accuracy with a model 

whose upper limit of accuracy was previously 80%. However, 

this is just for a subset of photographs related to trash. 

In [8] Waste or rubbish management is attracting growing 

attention in developed and emerging nations for wise and 

sustainable development. The waste or garbage management 

system is made up of multiple interconnected systems that 

perform a variety of complicated activities. Deep learning (DL) 

has recently gained popularity as an alternative computational 

approach for discovering the answer to various waste or rubbish 

management challenges. As a result of researchers focusing on 

this topic, important research has been published, particularly 

in recent years. According to the literature, a few extensive 

surveys on trash detection and categorization have been 

conducted. However, no work has studied the use of DL to 

tackle waste or garbage management challenges across many 

domains and highlighted the available datasets for waste 

detection and classification across several domains. This 

research presents a systematic and complete examination of the 

several existing approaches for detecting and classifying trash 

using machine learning and deep learning. Furthermore, it 

clearly discussed benchmarked datasets on garbage 

identification and categorization in a range of contexts. To 
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assist the study, the strengths and shortcomings of existing 

methodologies and datasets, as well as future research 

prospects, are emphasized. Furthermore, It  are contemplating 

doing a comprehensive literature study on this topic, as well as 

experimenting with various machine learning and deep learning 

methods. 

In [9] Information and communications technology (ICT) is 

primarily used in conjunction with "smart cities" to offer 

services that improve internal living circumstances. The 

Internet of Things (IoT) has recently made significant strides, 

providing researchers and developers with several chances to 

build a range of ITS and smart city systems and applications. It 

is a broad topic of study with many potential applications, 

including intelligent traffic management, intelligent street 

lighting, and the detection of gas and water leaks. Efficient 

Waste Collection (WC), one of these applications, is regarded 

as a crucial service for assisting in maintaining a healthy 

environment for the residents while lowering operational 

expenses. In order to achieve a high Quality of Service (QoS) 

in garbage collection, this article offers a novel architecture for 

a smart waste management system based on artificial 

intelligence approaches. It emphasizes the combined use of 

surveillance and Internet of Things (IoT) technologies. Deep 

learning techniques may be used in this industry to significantly 

cut costs while retaining optimal performance. Based on Deep 

Learning and pattern recognition, this research provides a novel 

technique for smart waste management systems. This 

technology may be linked with current solutions to assist in cost 

reduction and process automation. As an example, it intends to 

collect real-world data in order to run the experiment and 

evaluate the generalization ability of the developed model. 

 

 

III. METHODOLOGY 

Classification is a technique used to categorize data based on 

their distinct features. It involves dividing the data into different 

clusters, each representing specific characteristics. In this 

context, a novel model is developed, capable of making 

predictions and classifying data by learning from known 

examples. 

The proposed system comprises three fundamental modules: 

pre-processing, image augmentation, and feature extraction. 

Pre-processing involves preparing the data by applying various 

techniques to enhance its quality and remove noise. Image 

augmentation is employed to generate additional images by 

resizing, zooming, rotating, and other transformations. This 

process helps in creating a more diverse and comprehensive 

dataset, allowing the model to capture a broader range of 

features and improve its ability to predict images accurately. 

During the feature extraction phase, the system analyzes the 

unlabeled data to identify and characterize its essential 

attributes with the highest possible precision. This process aids 

in uncovering relevant patterns and distinctions within the data, 

facilitating accurate classification. 

By integrating these modules into the system, it becomes 

proficient in classifying data efficiently, contributing to 

enhanced performance and better decision-making. The 

model's ability to recognize and interpret features from the 

dataset is instrumental in achieving successful predictions and 

accurate classifications. Ensuring proper waste disposal by 

identifying the appropriate trash bin for each waste type is 

crucial for effective waste management. To achieve this, we 

conducted experiments with various neural network approaches 

to determine the most accurate method for waste classification. 

Figure 1: Methodology of proposed system. 

1. Image Acquisition: In this stage, images of waste items 

are captured using a camera module or other image 

acquisition methods. 

2. Pre-processing: The captured images undergo pre-

processing to enhance their quality, remove noise, and 

standardize their format, making them suitable for input 

to the CNN model. 

3. Image Augmentation: Additional images are created 

by applying image augmentation techniques such as 

resizing, rotation, flipping, etc. This increases the 

diversity of the dataset and helps improve the CNN 

model's performance. 

4. Convolutional Neural Network (CNN): The core of 

the system, the CNN model, is implemented using 

TensorFlow, a deep learning framework. It consists of 

multiple convolutional and pooling layers that learn to 

extract features from the waste images. 

5. Waste Identification/Classification: The CNN model 

processes the pre-processed and augmented images and 

identifies the category of each waste item, classifying 

them into different groups like plastic, metal, glass, etc. 
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6. Output (Waste Category Prediction): The output of 

the CNN model provides predictions of the waste 

category for each input image, enabling waste 

identification and proper waste sorting. 

Our evaluation utilized an image database compiled by Yang et 

al. [Yang and Thung], which consists of approximately 2,400 

images across six classes of recycled objects. Each class 

contains around 400-500 images. The authors' data acquisition 

process involved using a white poster-board as a background, 

resulting in variations in lighting and pose among the photos. 

Figure 1 displays sample images from the six classes of 

recycled objects.Through our experiments, we aimed to 

identify the neural network approach that performs best in 

determining the appropriate trash bin for waste disposal. By 

leveraging the diverse dataset and exploring various network 

architectures, we sought to contribute to improve waste sorting 

and recycling practices. 

 

Figure 2:Samples of images used for classification 

To assess the performance of each neural network, we utilized 

the Pearson correlation coefficient (PCC) and the Spearman 

Rank Order Correlation Coefficient (SCC) as evaluation 

metrics.In our experiments, we employed several models, 

namely the VGG-16 model (VGG16), AlexNet, Support Vector 

Machine (SVM), K-Nearest Neighbor (KNN), and Random 

Forest (RF). 

The VGG16 model is a pre-trained Convolutional Neural 

Network (CNN) trained on around 1.2 million images from the 

ImageNet Dataset. With 16 layers, this model is capable of 

classifying images into 1000 object categories. VGG16 has 

demonstrated outstanding accuracy in the ImageNet Large-

Scale Visual Recognition Challenge (ILSVRC) classification 

and localization tasks. Moreover, it performs excellently in 

other image recognition datasets, even when integrated into 

relatively simple pipelines, such as using deep features 

classified by a linear SVM without fine-tuning.Both VGG-16 

and AlexNet are commonly employed in photo classification, 

as ImageNet primarily comprises photos. AlexNet, the first 

widely known CNN, incorporates repeated convolutional layers 

followed by max-poolings. 

In addition to the CNN models, we adopted three distinct 

classification algorithms: SVM, KNN, and RF. SVM is a 

supervised machine learning algorithm used for classification 

and regression tasks. It aims to find a hyperplane that optimally 

separates a dataset into two classes (support vectors). The 

support vectors are the data points closest to the hyperplane, 

and their removal would alter the position of the dividing 

hyperplane. 

KNN is an early supervised classifier that predicts the target 

label by identifying the nearest neighbor class. This is achieved 

using distance measures like Euclidean distance. 

RF, a supervised classification algorithm, forms a robust forest 

by combining multiple decision trees. The higher the number of 

trees in the forest, the more accurate the results tend to be. 

By employing these models and algorithms and evaluating their 

performance using PCC and SCC, we aimed to identify the 

most effective approach for waste classification and bin 

assignment, contributing to improved waste management 

practices. 

IV. EXPERIMENTAL RESULTS 

In this section of the paper, we will evaluate the outcomes of 
the model that was developed. The model performs satisfactorily 
on the test data, accurately classifying the type of waste 
materials by detecting the objects present in the images. For 
evaluation purposes, the model was tested on a dataset of waste 
material images. The testing code specifically incorporates these 
images to assess the model's performance in waste material 
detection. 

During the testing phase, the model's detection time for 
predicting the type of waste material in a single object from an 
image averaged around 60 milliseconds. To determine the actual 
accuracy of the model, the image names were manually cross-
referenced to observe how precisely the model functions on 
these specific images. The prediction results of multiple wastes 
are shown below. 

 

Figure 3: Prediction result of Metal 
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Figure 4: Prediction result of Plastic 

 

Figure 5: Prediction result of Glass 

 

Figure 6: Prediction result of Cardboard 

 

Figure 3: Prediction result of Paper 

 

The classification accuracies achieved by the Convolutional 
Neural Network (CNN) surpassed those attained by traditional 
machine learning approaches. However, it is worth noting that 
CNN requires a larger number of algebraic calculations, which 
results in slower processing compared to the traditional 
methods.Nevertheless, CNN can enhance its classification 
accuracies by leveraging various techniques, such as data 
augmentation and fine-tuning. These methods offer 
opportunities for further refinement and improvement of the 
model's performance. 
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V. CONCLUSION 

This paper demonstrates the effectiveness of CNNs in waste 
segregation tasks. The use of pre-trained CNN models, such as 
VGG16 or AlexNet, has proven to be particularly beneficial in 
achieving accurate waste classification. The proposed waste 
segregation system performs real-time image processing using 
TensorFlow, allowing for quick and efficient waste 
classification. This ensures that the system can be deployed in 
real-world scenarios with timely sorting capabilities. The CNN-
based waste segregation system offers the potential to 
significantly enhance waste management practices. By 
automating the process of waste classification, it streamlines 
recycling efforts and promotes efficient resource utilization. 
Efficient waste segregation and recycling contribute to reducing 
environmental pollution and conserving natural resources. The 
adoption of such advanced technologies can have a positive 
impact on the environment and sustainability. 

Moreover, the paper opens avenues for future research, such 
as exploring more sophisticated CNN architectures or applying 
transfer learning to adapt the model to specific waste types. 
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