ﬂ"ﬂ

ISSN(O): 2319-8753
B , ,t .n ISSN(P): 2347-6710

Scwnce | Engmeermg | Technology
TR W T

International Journal of Innovative Research in Science
Engineering and Technology (IJIRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.699 Volume 14, Issue 4, April 2025

@ www.ijirset.com ijirset@gmail.com & +91-9940572462 (O +9163819 07438



Impact
Factor

8.699

LN

ﬂﬁgﬁ International Journal of Innovative Research of
[FI;IJ ]  Science, Engineering and Technology (IJIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 14, Issue 4, April 2025
|DOI: 10.15680/1JIRSET.2025.1404092]

CIFAR-10 Image Classification using CNN
and Deep Learning

Yerrabothula Venkata Sai Bhargava Reddy, J.Ranganayaki, Vennapusa Narendra Reddy, Yelda
Madhan Reddy
Dept. of CSE, Bharath Institute of Higher Education and Research, Chennai, India

ABSTRACT: In this project, we focus on CIFAR-10 image classification using Convolutional Neural Networks
(CNNs) and Deep Learning. The CIFAR-10 dataset contains 60,000 images across 10 different classes, including
objects like airplanes, cars, and animals. The goal is to train a CNN model that can accurately classify these images.
We use TensorFlow and Keras to build and optimize the model, applying techniques like data augmentation and
dropout to improve performance. The project helps in understanding how deep learning models recognize patterns in
images and can be applied to real-world image recognition problems. The results show that with proper tuning, CNNs
achieve high accuracy in classification.

KEYWORDS: CIFAR-10, Image Classification, Convolutional Neural Networks (CNN), Deep Learning, TensorFlow,
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I.INTRODUCTION

Image classification is a crucial aspect of computer vision, enabling machines to automatically recognize and
categorize objects in images. With the increasing availability of large datasets and advancements in Deep Learning,
image classification has become more efficient and accurate. The CIFAR-10 dataset, which contains 60,000 images
classified into 10 categories, is widely used for evaluating image classification models. The dataset includes various
objects such as airplanes, automobiles, birds, cats, deer, dogs, frogs, horses, ships, and trucks, making it a standard
benchmark for deep learning models. Traditional machine learning approaches struggle with image recognition due to
the high-dimensional nature of image data. However, Convolutional Neural Networks (CNNs) have revolutionized
image classification by automatically learning spatial hierarchies of features from raw pixel data. CNNs

use multiple layers, including convolutional layers, pooling layers, and fully connected layers, to extract meaningful
patterns and classify images effectively. In this project, we design a CNN model using TensorFlow and Keras to
classify CIFAR-10 images with high accuracy. To enhance the model's performance, we implement techniques like
data augmentation, dropout, batch normalization, and optimization algorithms such as Adam and SGD. Additionally,
we evaluate the model using metrics like accuracy, loss, precision, and recall to ensure robust classification. This
project provides insights into how CNNs work, their importance in real-world applications, and the challenges
associated with image classification. The implementation of CNN-based models can be extended to various fields,
including medical imaging, autonomous vehicles, security systems, and facial recognition. The goal of this study is to
develop a model that can efficiently classify images while maintaining computational efficiency, making it suitable for
real-world deployment.

Furthermore, this project explores different hyperparameter tuning techniques to optimize model performance,
including adjusting learning rates, batch sizes, activation functions, and the number of layers. We also experiment with
transfer learning, where pre-trained models such as VGG16, ResNet, and MobileNet are fine-tuned on the CIFAR-10
dataset to compare their effectiveness against a custom-built CNN. To prevent overfitting, various regularization
techniques such as dropout and L2 regularization are applied. Additionally, data augmentation is used to artificially
expand the dataset by applying transformations like rotation, flipping, and zooming, helping the model generalize better
on unseen data.
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II. METHODOLOGY
In this project, we used Convolutional Neural Networks (CNNs) for classifying images from the CIFAR-10 dataset,

which contains 60,000 images across 10 different classes. The implementation was carried out in Python using libraries
like TensorFlow and Keras for deep learning as shown in Fig.1
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Fig.1 10-Classes

1. Data Preprocessing
Before training, we normalized the images by scaling pixel values between 0 and 1 to improve the model's

performance. Data augmentation techniques such as rotation, flipping, and zooming were applied to artificially increase
the dataset size and reduce overfitting as shown in Fig.2
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Fig.2 Image Classifier
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2. Model Architecture

We designed a CNN model consisting of multiple convolutional layers followed by ReLU activation functions and
max-pooling layers to extract important features. Fully connected dense layers were added at the end, with a softmax
activation function to classify the images into one of the 10 categories as shown in Fig.3
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Fig.3 Architecture

3. Training and Optimization
The model was trained using the Adam optimizer and categorical cross-entropy loss function. We experimented with
different learning rates, batch sizes, and dropout rates to find the best combination for improved accuracy. The model
was trained for multiple epochs while tracking accuracy and loss using matplotlib. Once the CNN model was designed,
we focused on training and optimizing it to achieve the best possible accuracy. The following steps were taken to
improve the model’s performance

e Optimizer Selection: We used the Adam optimizer, as it adapts the learning rate dynamically, making it efficient
for deep learning tasks. We also experimented with SGD (Stochastic Gradient Descent), but Adam provided better
convergence.

e Loss Function: The model was trained using categorical cross-entropy, which is suitable for multi-class
classification problems like CIFAR-10.

e Batch Size and Epochs: We trained the model with different batch sizes (32, 64, and 128) to find the best balance
between training speed and performance. The number of epochs was set to 50-100 to ensure sufficient learning
without overfitting.

e Dropout Regularization: To prevent overfitting, we added dropout layers with dropout rates between 0.2 and 0.5.
This randomly deactivates neurons during training, forcing the model to generalize better.

e Learning Rate Tuning: We used learning rate scheduling, starting with 0.001 and reducing it over time to fine-
tune the training process and avoid sudden performance drops.

e Early Stopping: Implemented early stopping, which stops training automatically if the validation loss does not
improve after several epochs, preventing unnecessary computation.

e Data Augmentation Impact: By applying data augmentation, the model became more robust, handling variations
in lighting, orientation, and slight deformations better.
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4. Performance Evaluation

To evaluate the model, we used accuracy, precision, recall, and F1-score as performance metrics. The results were
visualized using confusion matrices and loss/accuracy curves to analyze how well the model was performing on both
training and test data. This methodology ensures that the model can effectively classify images and generalize well to
unseen data, making it a powerful approach for real-world image recognition tasks.

III. RESULTS AND DISCUSSION

After training our CNN model on the CIFAR-10 dataset, we analyzed its performance based on accuracy, loss, and
generalization ability.
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Fig.5

e Training and Validation Accuracy: The model achieved around 85-90% accuracy on the training dataset, while
the validation accuracy stabilized around 80-85%. This shows that our model learned to classify images effectively
but still had room for improvement as shown in Fig.5
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o Loss Analysis: The training loss decreased steadily, indicating that the model was learning properly. However,
after a certain number of epochs, the validation loss started fluctuating slightly, which meant minor overfitting was
present. To address this, we used dropout layers and learning rate scheduling as shown in Fig.6
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Fig.6

Confusion Matrix: In Fig.7 by analyzing the confusion matrix, we noticed that the model performed well in
recognizing objects like cars, airplanes, and dogs but struggled with similar-looking categories such as cats and dogs or

birds and airplanes.
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Fig.7

e Impact of Data Augmentation: When we applied data augmentation techniques like flipping, rotation, and
zooming, the model became more robust and handled slight variations in the input images better.

e  Comparison with Pre-trained Models: We also tested transfer learning using pre-trained models like ResNet and
VGG, which provided better accuracy than our custom CNN model, proving that deeper networks generalize well.

e Real-world Performance: While our model performed well on test data, in real-world applications, it may
struggle with low-resolution or highly cluttered images. Additional fine-tuning and larger datasets could further

improve its performance.

Overall, our CNN model showed promising results, and with further optimization, it can be improved for better image
classification accuracy.
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Fig.7

IV. CONCLUSION AND FUTURE SCOPE

In this project, we successfully implemented a CNN-based image classification model for the CIFAR-10 dataset using
deep learning techniques. The model achieved a decent accuracy of around 80-85%, proving its effectiveness in
recognizing different image categories. We also explored various data augmentation techniques to improve

generalization. The results showed that CNNs are powerful for image classification

tasks, but further optimization is

needed to reduce overfitting and improve performance on unseen data. We also tested pre-trained models like ResNet

and VGG, which performed even better, highlighting the benefits of transfer learning.

Future Scope:

e Fine-tuning the Model: Further optimization with hyperparameter tuning and regularization techniques can

enhance accuracy.

e Using Larger Datasets: Training on a bigger dataset with more diverse
performance.

e Transfer Learning: Implementing more pre-trained models like Efficient Net or

images can improve real-world

Inception for higher accuracy.

e [Edge Deployment: Optimizing the model to run on mobile devices or embedded systems for real-time

applications.

e Improved Data Augmentation: Applying more advanced image augmentation techniques like GAN-based

synthetic data generation.

e Real-World Applications: The model can be extended for medical imaging, autonomous vehicles, and security

surveillance systems.

e Hyperparameter Optimization: Further tuning of parameters like learning rate, batch size, and number of layers

can improve performance.
e Use of Advanced Architectures: Implementing more powerful deep learning
Transformers (ViTs), and DenseNet can enhance classification accuracy.

models like EfficientNet, Vision

e Transfer Learning and Fine-Tuning: Using large pre-trained models on different datasets and fine-tuning them

for specific applications.

e Larger and More Complex Datasets: Training the model on datasets with higher resolution images and a wider

variety of object categories can improve real-world usability.

e Edge AI Deployment: Optimizing the model for low-power devices, smartphones, and embedded systems to

enable real-time applications.
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Reducing Model Size and Computational Cost: Using techniques like quantization and model pruning to deploy
lightweight models for mobile and IoT applications.

Reducing Model Size and Computational Cost: Using techniques like quantization and model pruning to deploy
lightweight models for mobile and IoT applications.

Integration with Real-World Applications: Extending the model for medical image classification, facial
recognition, object detection in autonomous vehicles, and industrial automation.

Robustness Against Noisy Data: Training the model with noisy, distorted, or low-light images to enhance real-
world performance.

Self-Supervised Learning: Implementing techniques where models learn from unlabelled data to improve
generalization without requiring large amounts of labeled data.

Combining Multiple Models (Ensemble Learning): Using an ensemble of CNNs to increase reliability and
accuracy.

Cloud Deployment and API Development: Hosting the model on cloud platforms and providing an API for easy
integration into different applications.

Adversarial Training: Making the model robust against adversarial attacks, which can fool deep learning models
by slightly modifying images.

Cross-Dataset Generalization: Evaluating the model on datasets other than CIFAR-10 to ensure better
generalization.

Interactive Applications: Creating a web or mobile app to classify images in real-time.

Combining with Other AI Techniques: Integrating NLP and reinforcement learning for more advanced Al-
driven applications.

By working on these areas, CNN-based image classification can be further improved and applied to a wide range
of practical applications in the future.
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