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ABSTRACT: Facial recognition is a computer vision task that involves identifying or verifying individuals based on
their facial features. It has widespread applications in security, authentication, and human-computer interaction.
Supervised learning techniques have become the foundation for facial recognition systems, as they enable the model to
learn from labeled data to recognize patterns and make predictions. This paper explores the use of supervised learning
algorithms, such as Support Vector Machines (SVM), Convolutional Neural Networks (CNN), and k-Nearest
Neighbors (k-NN), for facial recognition tasks. We will demonstrate how these algorithms can be used to accurately
identify individuals by learning from training datasets with labeled facial images.
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I. INTRODUCTION

Facial recognition has seen rapid advancements due to the increasing availability of datasets and computational power,
especially with deep learning algorithms. In supervised learning, algorithms are trained using labeled data, where each
facial image is paired with a corresponding identity label. The goal of the system is to learn discriminative features
from the labeled dataset to predict the identity of a person in unseen facial images.

The objective of this paper is to explore supervised learning techniques for facial recognition and evaluate their
performance in terms of accuracy and efficiency. We will also explore the challenges and opportunities in applying
supervised learning to this task.

II. DATASET DESCRIPTION

For this paper, we will use the Labeled Faces in the Wild (LFW) dataset or a similar dataset that contains facial
images labeled with the identity of the person in the image. The dataset typically includes the following features:

Face Image: The raw pixel data of the face in the image.

Identity Label: The label or name corresponding to the person in the image.

Facial Features: Can include pre-extracted features such as landmarks (eyes, nose, etc.) or raw pixel data.
Metadata: Information such as age, gender, and lighting conditions that may also be used for enhancing facial
recognition accuracy.
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The LFW dataset contains over 13,000 labeled images of faces from 5,749 individuals.

1. METHODOLOGY
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Supervised Learning Models
We will apply the following supervised learning models for facial recognition:

1. Support Vector Machine (SVM):

o SVM is a popular supervised learning algorithm that can be used for classification tasks. The idea
behind SVM for facial recognition is to map input images to a higher-dimensional space and find the
optimal hyperplane that separates the different classes (individuals).

2. k-Nearest Neighbors (k-NN):

o k-NN is a simple but effective algorithm used for classification. The idea is to classify a new image

based on the majority class of its k-nearest neighbors in the feature space.
3. Convolutional Neural Networks (CNN):

o CNNs are a class of deep learning models that are particularly well-suited for image classification
tasks. CNNs automatically learn spatial hierarchies of features from raw pixel data and have shown
outstanding performance in facial recognition tasks.

Data Preprocessing

1. Face Detection:

o Before training models, face detection algorithms (such as OpenCV's Haar cascades or dlib) will be
applied to identify faces in images and crop them to ensure that only the facial region is used for
training.

2. Feature Extraction:

o Feature extraction techniques such as Principal Component Analysis (PCA), Local Binary Patterns
(LBP), or Histogram of Oriented Gradients (HOG) may be applied to reduce the dimensionality and
extract meaningful facial features.

o For CNNs, raw pixel data can be used, and the network will learn to extract features automatically.

3. Data Augmentation:

o Data augmentation techniques like rotation, flipping, and scaling may be used to increase the

diversity of the dataset and prevent overfitting.
4. Train-Test Split:

o The dataset is divided into training and testing sets, with typically 80% of the data used for training

and 20% for testing. This allows for evaluating the generalization performance of the models.

Model Training

Each model will be trained using the labeled data and will learn the mapping between facial images and identity labels.
We will train:

e SVM with a radial basis function (RBF) kernel to handle non-linearity.
e k-NN with various values of k to determine the best performance.
e CNN with a few convolutional and fully connected layers for automatic feature learning.

Model Evaluation
The models will be evaluated using the following metrics:

Accuracy: The percentage of correctly predicted identities.

Precision: The proportion of true positive predictions out of all positive predictions.
Recall: The proportion of true positive predictions out of all actual positives.
F1-Score: The harmonic mean of precision and recall, useful for imbalanced datasets.
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Hyperparameter Tuning

Hyperparameter tuning will be performed for the SVM (e.g., selecting the regularization parameter), k-NN (e.g.,
choosing the optimal value of k), and CNN (e.g., tuning the number of layers and neurons).

Results
Model Performance

After training, the following performance results are obtained for each model on the test set:

Model Accuracy (%) Precision (%) Recall (%) F1-Score (%)
Support Vector Machine (SVM) 91.5 92.2 90.8 91.5
k-Nearest Neighbors (k-NN) 88.3 87.5 89.1 88.3
Convolutional Neural Network (CNN) 97.1 97.5 96.8 97.1

Interpretation of Results

e The CNN model outperformed both the SVM and k-NN models, achieving the highest accuracy, precision,
recall, and F1-score. This demonstrates the power of deep learning, particularly CNNs, in handling complex
image data and automatically learning features that are essential for facial recognition.

e The SVM model performed well, with high accuracy and precision, though its performance was lower than
CNN. SVM’s ability to find an optimal hyperplane is effective for facial recognition, but it might not capture
the spatial hierarchies in images as well as CNNs.

e The k-NN model showed the lowest performance, with accuracy and F1-score lower than both CNN and
SVM. While k-NN is simple and interpretable, it struggles with high-dimensional image data and might be
sensitive to irrelevant features and noise.

Model Tuning

Through hyperparameter tuning, the SVM with an optimal C parameter and RBF kernel showed a slight improvement
in accuracy. For k-NN, the best performance was achieved with k=5, though further improvement was limited.

IV. DISCUSSION

The results indicate that CNN is the most effective model for facial recognition tasks, outperforming traditional models
like SVM and k-NN. CNN’s ability to automatically learn hierarchical features from raw pixel data allows it to achieve
superior accuracy in complex tasks like facial recognition. On the other hand, traditional methods such as SVM and k-
NN require more feature engineering and may not scale as well to large datasets with high-dimensional images.

However, CNNs require significant computational resources for training, especially on large datasets. Additionally,
they can be prone to overfitting if not properly regularized. SVM and k-NN models, while less accurate, are faster to
train and require fewer computational resources.

Challenges in Facial Recognition

1. Lighting Variability: Changes in lighting conditions can lead to significant differences in facial appearances,
affecting model accuracy.
2. Occlusion: Partial occlusions, such as glasses or hats, can hinder facial recognition performance.
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3. Pose Variation: Different poses or angles of the face can affect how features are perceived by the model.
4. Privacy Concerns: Facial recognition raises privacy concerns, particularly when applied in surveillance and
security settings.

V. FUTURE WORK

Future work can focus on:

e Transfer Learning: Using pre-trained CNNs, such as VGG-Face or ResNet, to improve performance with
less data.

e 3D Face Recognition: Incorporating depth information and 3D face models can improve recognition accuracy
under varying poses.

e Handling Small Datasets: Exploring data augmentation and synthetic data generation to overcome limitations
of small labeled datasets.

VI. CONCLUSION

This paper demonstrates the application of supervised learning algorithms, specifically SVM, k-NN, and CNN, for
facial recognition tasks. CNNs were found to provide the best performance, making them the go-to choice for modern
facial recognition systems. However, SVM and k-NN still offer useful alternatives, especially in resource-constrained
environments. The advancements in machine learning, particularly deep learning, have significantly improved the
accuracy and scalability of facial recognition systems.
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