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Abstract: Convolutional Neural Networks (CNNs) have emerged as powerful tools for image classification tasks due to their
ability to automatically learn hierarchical representations from raw pixel data. This paper provides a comprehensive review of
CNN-based image classification methods, covering various aspects such as network architectures, training techniques, and
evaluation metrics. Additionally, we discuss recent advancements, challenges, and future directions in CNN-based image
classification research. The aim of this paper is to provide researchers and practitioners with a thorough understanding of CNN-
based image classification and to guide future research in this field.

L. INTRODUCTION
Image classification is a fundamental task in computer vision that aims to assign predefined labels or categories to images based on
their visual content. It plays a crucial role in various real-world applications, such as object recognition, facial recognition, medical
image analysis, and autonomous driving. With the exponential growth of digital imagery and the need for automated analysis,
developing efficient and accurate image classification algorithms has become an active area of research.
Convolutional Neural Networks (CNNs) have revolutionized the field of image classification by achieving remarkable performance
on various benchmark datasets. Unlike traditional machine learning algorithms, CNNs are designed to automatically learn
hierarchical representations directly from raw pixel data, mimicking the visual processing mechanism of the human visual cortex.
This enables CNNs to capture intricate patterns and discriminative features that are essential for accurate image classification.
This research paper aims to provide a comprehensive review of CNN-based image classification methods. It will cover various
aspects, including network architectures, training techniques, preprocessing techniques, evaluation metrics, recent advancements,
challenges, and future directions. By analyzing and synthesizing the existing literature, this paper aims to provide researchers and
practitioners with a thorough understanding of CNN-based image classification and guide future research in this field.

1. LITERATURE SURVEY

SR YEAR | PAPER & Authors METHODLOGY ADVANTAGES DISADVANTAGES
NO
1 2022 Deep Convolutional| Using KNN, decisiontree | Accuracy, precision, recall Use of multiple algorithms
Network for Image classifier, deep learning for | sensitivity, F1 score
Recognition Using Gradio| image recognition
2 2021 Survey on the use of CNN| Working of image Mery High accuracy in image| Overfitting in CNN, Huge size of
and Deep Learning in classification using Neural [recognition problems, Automatically| data, need of high performance
Image Classification” networks and deep learning (detects the important features without| hardware, CNN lacks multitasking
|any human supervision, Weight sharing
3 2020 Image Classification Image classification using | Uses simple python libraries like Needs constant tweaks in the code for
using CNN ML, CNN, Al. keras, tensorflow, DJango, etc. increasing size of datasets
4 2020 Automation of Animal psing CNN in this projectThe experimental results show that| Huge size of data, need of high
Classification using hich can automaticallyputomatic feature extraction in CNN is| performance hardware, CNN lacks
Deep Learning extract features, learn andpetter compared to other simple feature| multitasking, More Expensive
classify them. The proposediextraction techniques
method can also be used in|
pther areas of image
classification and  object
ecognition.
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5 2019 Using various preventing overfitting dropout The future work lies in trying
Optimized Multi Class | deep learning optimization | regularization technique were used. different values of dropout for
Classification of Images | algorithms The model developed was executed overcoming overfitting and getting
Using Deep Learning with different optimizers and tested more data.

with plenty of unseen images of rock,
scissor and paper. The testing
accuracy in this case was turned out
to be 100%

6 2020 Deep Belief Network for jusing imaging spectral data It can significantly improve the Less Accuracy ,
Feature Extraction of showing the in-depth features| classification accuracy and has a good| Extraction Needed
Urban Artificial Targets extracted by the profound application prospect in hyperspectral
belief network algorithm image information extraction

1. PROBLEM STATEMENT
This model solves one of the major trending topics which is CNN. To be precise CNN is a convolutional neural network which is a
part of Machine Learning and Artificial Intelligence. To begin with, our project consists of a dataset which has the images
categorized into three sections: train, test and predict. Then the image processing of the particular dataset needs to be done. All
thanks to the great advanced technology, the models set to be designed and trained to give the accurate results with the help of CNN

V. METHODOLOGY
Training Convolutional Neural Networks (CNNs) involves iteratively adjusting the network’s parameters to minimize a chosen loss
function by feeding labeled training data into the network. The network learns relevant features through forward and backward
propagation, updating weights and biases using optimization algorithms such as stochastic gradient descent. The training process
includes splitting data into training and validation sets, monitoring performance, and adjusting hyperparameters for improved
training. Dataset preparation is a vital step in training CNNs, involving collecting and preprocessing data to create a well-structured
dataset. Tasks include data cleaning, resizing or cropping images, and normalizing pixel values. The dataset is divided into training,
validation, and test sets to accurately assess the model's performance. Proper dataset preparation ensures high-quality, diverse, and
representative data, enabling the CNN to learn robust and generalized features.
Data augmentation increases the training dataset's size by applying transformations to existing data, mitigating overfitting and
improving the model's ability to generalize. Transformations can include rotations, translations, flips, and changes in brightness or
contrast. By introducing diversity, data augmentation enhances the network’s capacity to learn invariant features and improves
overall performance.
Loss functions quantify the discrepancy between predicted outputs and true labels, measuring the model's performance during
training. Common loss functions for classification tasks include categorical cross-entropy, binary cross-entropy, and softmax cross-
entropy. For regression tasks, mean squared error or mean absolute error are often used, depending on the problem and desired
output characteristics.
Optimization algorithms update CNN weights and biases during training, aiming to minimize the loss function. Stochastic gradient
descent (SGD) is widely used, but variations like Adam, RMSprop, and Adagrad have also shown effectiveness. These algorithms
employ techniques such as momentum, adaptive learning rates, and regularization to accelerate convergence and improve training
quality, impacting the model's performance and training speed.
Hyperparameter tuning involves setting configurations not learned by the network, such as learning rate, batch size, number of
layers, filter sizes, and regularization strength. This process finds optimal values through systematic experimentation, evaluating
performance with different combinations. Techniques like grid search or random search are used to select the configuration yielding
the best results for CNN performance.
Model evaluation assesses a trained CNN's performance and generalization capability. Testing on a separate, unseen test set
provides common evaluation metrics like accuracy, precision, recall, F1 score for classification tasks, and mean absolute error or
root mean squared error for regression tasks. Model evaluation helps compare different models or configurations, guiding the
selection of the best-performing one for deployment.
Architectures for Image Classification: LeNet-5 AlexNet VGGNet GooglLeNet (Inception) ResNet DenseNet MobileNeT
EfficientNet
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A. Preprocessing Techniques

1) Image Resizing and Normalization

Image resizing and normalization are common preprocessing techniques used in image analysis tasks. Image resizing involves
changing the dimensions of an image while maintaining its aspect ratio. This technique is useful for standardizing the input size of
images in a dataset, which is often necessary for training machine learning models. Normalization, on the other hand, involves
scaling the pixel values of an image to a specific range, typically between 0 and 1. This process helps to bring consistency and
stability to the pixel values across different images. Image resizing and normalization help in reducing computational complexity,
improving model performance, and ensuring fair comparison between images.

2) Data Augmentation Methods

Data augmentation is a popular technique used to artificially increase the diversity and size of a training dataset by applying various
transformations to the original images. These transformations include rotation, translation, scaling, flipping, and more. By applying
data augmentation, the model is exposed to a wider range of variations and helps in reducing overfitting, improving generalization,
and making the model more robust to different scenarios. Data augmentation is particularly effective when the available training
dataset is limited, as it helps create additional training examples without the need for collecting new data.

3) Feature Extraction Techniques

Feature extraction is a preprocessing technique used to derive meaningful representations or features from raw image data. These
extracted features capture the essential characteristics of an image, which can then be used for further analysis or input to a machine
learning model. Feature extraction can be done using various methods, such as using handcrafted feature descriptors like Histogram
of Oriented Gradients (HOG), Scale-Invariant Feature Transform (SIFT), or through deep learning techniques like Convolutional
Neural Networks (CNN) that automatically learn hierarchical features. Feature extraction helps in reducing the dimensionality of the
data, removing irrelevant information, and focusing on the most discriminative aspects of the images, leading to more efficient and
accurate analysis or classification tasks.

Loss comparison between Validation and Train Data set

Accuracy comparison between Validation and Train Data set
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4) Evaluation Metrics

Model | Accuracy | Validation Loss Validation MODELS -ACCURACY PLOT
Accuracy Loss

Model 79.72% 62.14% 0.57 0.6214 Models ®Validation Accuracy

1
Model 78.36% 62.73% 0.610 1.2982

2

9
Tra 80475 8230% , 88%%

Model 93.01% 72.93% 0.22 1.1419 62.34% 6273% o A2 g ‘

S 0 = |
Model 86.33% 80.17% 0.37 0.8017

4

h * Validation Accuracy

Model 84.43% 82.30% 0.196 0.452 Models

5
Model 93% 88.09% 0.196 0.4028
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V. RESULTS

Image Classification CIFAR10

Image Classification CIFAR10

bird

VI. CONCLUSION

In conclusion, this study explored the application of Convolutional Neural Networks (CNNSs) in image recognition tasks. The
training process of CNNs involves adjusting network parameters to minimize the chosen loss function through labeled training data.
Proper dataset preparation, including data cleaning, resizing, and normalization, is crucial to ensure high-quality and diverse training
data. Data augmentation techniques, such as rotations and flips, can enhance the network’s ability to generalize and mitigate
overfitting. The choice of loss functions and optimization algorithms, such as stochastic gradient descent, significantly impacts the
model's performance and training speed. Hyperparameter tuning is essential for finding optimal configurations. Model evaluation
using separate test sets provides insights into the model's performance and generalization capabilities. Overall, CNNs have shown
promising results in image recognition tasks.
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