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Abstract:  The goal of image classification, a critical task in computer vision, is to group images into 

specified classes according to their visual attributes. To tackle this problem, a variety of machine learning 

approaches have been created, from more sophisticated models like Convolutional Neural Networks 

(CNNs) to traditional algorithms like k-Nearest Neighbors (k-NN) and Support Vector Machines (SVM). 

This study tries to give a clear overview of these techniques, describing their main ideas and workings. We 

contrast deep learning methods that automatically derive representations from the data with conventional 

machine learning algorithms that rely on carefully considered feature extraction. The main objective is to 

provide a clear and thorough description of the various machine learning techniques used to solve the image 

categorization problem. 

Keywords: Image Classification, Machine Learning, Deep Learning, k-NN, SVM, Convolutional Neural 

Networks (CNNs), Feature Extraction, Computer Vision. 

I. INTRODUCTION 

 

Image classification is the process of categorizing images into predefined classes based on the visual 

features they exhibit. This task plays a crucial role in various computer vision applications, including 

medical imaging, object detection, autonomous driving, and security systems. The objective is to develop a 

model capable of accurately identifying the category of an input image by learning from a dataset with 

labeled examples. Through this, the model recognizes patterns and key characteristics, allowing it to make 

predictions on unseen images. 
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Traditional Machine Learning Techniques 

A major component of traditional machine learning methods for classifying images is feature extraction. 

Feature extraction is the first step in the process, which involves converting the raw picture data into a 

format that can be processed by a machine learning algorithm. Typical techniques for feature extraction 

include: 

 

Scale-Invariant Feature Transform (SIFT): This technique identifies key points in an image and 

describes them using feature vectors that remain invariant to changes in scale and rotation, making it 

suitable for object recognition tasks. 

 

Histogram of Oriented Gradients (HOG): HOG is a widely used feature descriptor that captures the 

distribution of gradients (edges) in an image. It is especially effective in tasks like pedestrian detection. 

 

Local Binary Patterns (LBP): LBP is used to describe textures in an image by comparing the intensity of 

each pixel with its neighbors. It is commonly used for facial recognition. 

 

Once the features are extracted, traditional classifiers are used to categorize the images. Some of the most 

commonly used traditional classifiers include: 

 

k-Nearest Neighbors (k-NN): The k-NN algorithm is a straightforward and intuitive approach where the 

classification of a new image is determined by the majority class of its closest neighbors in the feature 

space. Although it's simple to implement, k-NN can become computationally demanding when dealing with 

large datasets. 

 

Support Vector Machines (SVM): SVM is a robust classifier that operates by identifying the best possible 

hyperplane to divide the data into separate classes. By utilizing kernel functions, it can manage non-linear 

feature relationships, making it highly effective for image classification when paired with suitable feature 

extraction methods. 

Decision Trees and Random Forests: Decision Trees iteratively partition the data based on feature values, 

resulting in a tree structure that can be applied to classify new images. Random Forests build on this by 

generating a collection of decision trees, which helps to minimize over fitting and enhance generalization. 

Although traditional machine learning models have shown success in specific applications, their 

effectiveness heavily relies on the quality of the extracted features. The process of feature extraction is 

labor-intensive and demands domain expertise, and these models frequently face challenges when dealing 

with large, high-dimensional datasets. 
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Deep Learning Techniques 

The limitations of traditional methods, particularly in handling large-scale data and complex visual patterns, 

led to the emergence of deep learning techniques, particularly Convolutional Neural Networks (CNNs). 

CNNs are a type of artificial neural network specifically designed for processing grid-like data such as 

images. 

Convolutional Neural Networks (CNNs): Unlike traditional approaches, CNNs eliminate the need for 

manual feature extraction by automatically learning features from raw pixel data using a series of 

convolutional layers. Each layer in a CNN identifies progressively more complex patterns, beginning with 

basic edges in the initial layers and advancing to more abstract features like shapes and objects in deeper 

layers. CNNs are primarily composed of three key types of layers: 

Convolutional layers: These apply filters (kernels) to the input image, detecting features like edges, 

corners, and textures. 

Pooling layers: These down-sample the feature maps, reducing their size and helping to make the model 

more efficient and less prone to overfitting. 

Fully connected layers: These are used at the end of the network to perform the final classification based 

on the learned features. 

CNNs have become highly popular for their superior performance over traditional models in a wide range of 

image classification tasks. Notable architectures like AlexNet, VGGNet, ResNet, and InceptionNet have 

proven the effectiveness of CNNs on large-scale datasets like ImageNet, achieving substantial 

improvements in classification accuracy. However, CNNs come with certain limitations, such as requiring 

vast amounts of labeled data and significant computational resources. 

Theoretical Insights 

The core theoretical difference between traditional machine learning techniques and deep learning lies in 

how features are processed: 

1. Feature Extraction: In traditional methods, feature extraction is a separate process that precedes 

classification. The performance of traditional classifiers heavily depends on the quality of features 

generated by techniques like SIFT or HOG. In contrast, CNNs automate this process, learning 

hierarchical features directly from the raw image data without requiring manual intervention. 

2. Representation Learning: CNNs excel in representation learning, where the network learns to 

create internal representations (or features) of the input data that are optimal for classification. 

Traditional methods rely on shallow representations—hand-crafted features that may not capture the 

complex patterns found in large image datasets. 
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3. Generalization: Traditional models are prone to overfitting if the feature space is not carefully 

managed, especially in high-dimensional datasets. Deep learning, with its multi-layered 

architectures, often generalizes better, especially when paired with regularization techniques like 

dropout and data augmentation. 

Comparison of Machine Learning Techniques for Image Classification 

 

 

 
Table 1.1 Comparison of machine learning techniques 

 

II. Literature Survey  

 This literature review summarizes the latest research on image classification using various machine 

learning techniques. The studies focus on traditional approaches, deep learning, hybrid models, and the 

exploration of robustness and scalability in image classification. 

1.  Quantum Machine Learning for Image Classification (2023) introduces hybrid quantum neural 

networks (HQNNs) that integrate quantum computing with classical deep learning methods. The 

study reveals that HQNNs surpass traditional CNNs on the MNIST dataset, achieving higher 

accuracy with fewer parameters due to the enhanced feature extraction capabilities of quantum 

layers. This hybrid approach shows great potential, particularly for improving computational 

efficiency and accuracy. 

2. A Comprehensive Study on Robustness of Image Classification Models (2023) assesses the 

robustness of image classification models against adversarial attacks. The authors introduce ARES-

Bench, a platform for evaluating models on both natural and adversarial samples, emphasizing that 

although adversarial training enhances robustness, models still struggle with distribution shifts. This 

research offers valuable insights for developing more resilient image classifiers for real-world use. 

3. Optimizing Convolutional Neural Networks Using Particle Swarm Optimization (2023) investigates 

the application of modified particle swarm optimization (PSO) to enhance CNN architectures for 

image classification. The findings demonstrate significant improvements in classification accuracy 
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by automating the design of CNN layers, reducing the time and effort typically needed for manual 

tuning. 

4. Hyperspectral Image Classification Using CNNs and Graph Networks (2023) combines CNNs with 

graph networks to classify hyperspectral images. This fusion approach enables the model to capture 

both spatial and spectral features, leading to higher classification accuracy in remote sensing tasks. 

5. Image Classification with an Adaptive Attention Mechanism (2023) presents a novel method for 

image classification that integrates an adaptive attention mechanism with feature extraction. This 

approach dynamically adjusts the attention given to different parts of an image, improving the 

performance of the model on complex images with varying feature importance. 

6. Scalability of Continuous Active Learning for Image Classification (2023) investigates the 

scalability of active learning in image classification tasks. By continuously refining the model with 

newly labeled samples, this technique minimizes the amount of labeled data required, making it 

suitable for large-scale applications where data labeling is expensive. 

7. Machine Learning and Deep Learning Hybrid Models for Bacterial Image Classification (2023) 

merges traditional machine learning feature extraction techniques with deep learning classifiers to 

classify bacterial species in microscopic images. This hybrid approach achieves a balance between 

computational efficiency and high accuracy, which is particularly important in medical applications 

where interpretability is essential. 

8.  LR-Net for Low-Resolution Image Classification (2023) introduces LR-Net, a CNN specifically 

designed for classifying low-resolution images. The model employs block-based feature extraction, 

improving performance on low-resolution images while maintaining computational efficiency, 

making it well-suited for applications such as video surveillance. 

9.  Enhancing Image Classification via Transfer Learning (2023) examines the use of transfer learning 

to boost classification performance on small datasets. The research shows that fine-tuning pre-

trained models on target datasets can achieve high accuracy even in scenarios with limited data, 

highlighting the effectiveness of transfer learning for image classification in specialized domains. 

10. Automated Plant Species Classification Using UAV Images (2023) applies transfer learning to 

classify plant species from UAV-collected RGB images. The model automates plant species 

identification in heterogeneous areas, demonstrating the effectiveness of deep learning and transfer 

learning in ecological monitoring. 

III. Conclusion  

The progression of image classification techniques, from traditional machine learning models to deep 

learning-based methods like CNNs, has revolutionized computer vision. While traditional models 

provided the foundation for image classification, they face inherent challenges in managing complex, 

large-scale data. Deep learning techniques, especially CNNs, have addressed these issues by 

automatically learning hierarchical features directly from images. However, each approach comes with its 

own advantages and limitations, and selecting the appropriate technique depends on factors like dataset 

size, computational power, and the task's complexity. 
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