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Abstract: Face recognition plays a vital role in a wide range of security and personal identification applications—from
surveillance systems to biometric authentication. Although recent advancements have greatly improved performance, current
face recognition models still struggle with real-world challenges like variations in lighting, facial pose, age, and occlusion. In
this paper, we present a hybrid machine learning approach that combines Convolutional Neural Networks (CNNs) for powerful
feature extraction with Support Vector Machines (SVMs) for reliable classification. This combination is designed to improve
both the accuracy and robustness of face recognition systems in diverse, real-world settings. We tested our model on well-known
datasets such as Labeled Faces in the Wild (LFW) and VGGFace2, and the results show that our hybrid method consistently
outperforms traditional models in terms of accuracy, precision, recall, and resilience to changes in facial features and
conditions. These findings suggest that the proposed system is highly suitable for demanding applications like surveillance,
border security, and other biometric identification tasks.

Keywords: Face Recognition,Hybrid Machine Learning,Biometric Authentication, Real-time Face Recognition, Secure
Authentication, Convolutional Neural Network (CNN), Support Vector Machine (SVM), Pattern Recognition.

I. INTRODUCTION
A. Background and Motivation
Face recognition is a widely adopted technology that plays a key role in various applications, including biometric authentication,
surveillance, and social media platforms. Earlier systems relied on methods like Eigenfaces (PCA) and Fisherfaces (LDA), which
performed reasonably well in controlled settings. However, these traditional techniques often fall short when dealing with real-
world challenges such as changes in lighting, facial pose, aging, and occlusions like glasses or masks. To address these limitations,
machine learning—and more recently, deep learning approaches like Convolutional Neural Networks (CNNs)—have been
introduced for extracting meaningful features from facial images. CNNs have significantly advanced face recognition by learning
complex, layered features. Still, they can struggle under extreme variations in facial appearance and environmental conditions.
A promising solution is the hybrid machine learning approach that combines CNNs for deep feature extraction with Support Vector
Machines (SVMs) for effective classification. SVMs are particularly well-suited for handling high-dimensional, non-linear data,
making them a strong complement to CNNs. By integrating the strengths of both techniques, this hybrid model aims to achieve
better generalization and improved performance under challenging conditions. This study focuses on developing such a hybrid
system to enhance the robustness and accuracy of face recognition, particularly in scenarios involving pose variation, lighting
differences, aging, and facial occlusion.

B. Problem Statement

While deep learning models have greatly improved the capabilities of face recognition systems, several challenges still remain—

such as variations in facial pose, lighting conditions, aging, and occlusion. These factors introduce inconsistencies that make it

harder for models to perform reliably on new, unseen data. To tackle these issues, this paper proposes a hybrid machine learning

model that combines the deep feature extraction power of Convolutional Neural Networks (CNNs) with the classification strength

of Support Vector Machines (SVMs). The key goals of this study are to:

1) Build a robust face recognition system that can adapt to environmental changes like lighting differences, pose variations, and
partial occlusions.

2) Assess the performance of the hybrid model in comparison to current state-of-the-art face recognition methods.

3) Explore how well the hybrid approach translates to real-world applications, with a focus on scalability and consistent
performance across diverse conditions.
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C. Obijectives of the Paper

This paper focuses on three main objectives:

1) Model Development: To design and implement a hybrid machine learning model that combines CNNs for extracting facial
features with SVMs for accurate classification in face recognition applications.

2) Performance Evaluation: To assess how well the proposed model performs on widely used face recognition datasets, especially
under challenging conditions such as varying lighting, facial poses, and occlusions.

3) Comparison with Traditional Methods: To benchmark the hybrid model against conventional face recognition techniques—Ilike
Eigenfaces, Fisherfaces, and standalone CNNs—and demonstrate the improvements and advantages offered by the hybrid
approach.

D. Contributions

The key contributions of this paper are as follows:

1) The development of a hybrid machine learning model that leverages the powerful feature extraction capabilities of CNNs
alongside the reliable classification performance of SVMs.

2) Evidence showing that this hybrid approach achieves superior accuracy, robustness, and generalization compared to traditional,
single-method models.

3) An in-depth evaluation of the model's performance under a variety of real-world conditions, including changes in lighting,
facial pose, and occlusion.

E. Structure of the Paper

The structure of this paper is as follows:

1) Section 2 provides a review of related work in face recognition, covering both traditional techniques and modern deep learning
approaches.

2) Section 3 outlines the proposed hybrid model, detailing the CNN architecture used for feature extraction and the SVM method
used for classification.

3) Section 4 explains the experimental setup, including the datasets used and the evaluation metrics applied to measure
performance.

4) Section 5 presents the results of the experiments and compares the performance of the hybrid model against conventional face
recognition methods.

5) Section 6 offers an analysis of the results, highlighting the model’s strengths and limitations, along with suggestions for future
improvements.

6) Section 7 concludes the paper by summarizing the main findings and their implications.

Il. RELATED WORK
Face recognition has been extensively studied over the years, with a variety of methods proposed to tackle the problem. Early
approaches focused on linear techniques like Principal Component Analysis (PCA) for reducing dimensionality and Linear
Discriminant Analysis (LDA), commonly known as Fisherfaces, for classification. While these methods are computationally
efficient, they tend to struggle with variations in lighting, facial pose, and expressions.
In more recent developments, Convolutional Neural Networks (CNNs) have become a dominant force in face recognition. Their
ability to automatically learn layered, hierarchical features directly from raw images has led to significant improvements, especially
on large-scale datasets. Models like VGGFace, FaceNet, and DeepFace have set new benchmarks in face recognition performance.
However, CNNs aren’t without limitations—they can be sensitive to lighting changes, occlusions, and typically require vast
amounts of labeled data and substantial computational resources.
To overcome these challenges, hybrid approaches have emerged that pair CNNs with other classifiers, such as Support Vector
Machines (SVMs). SVMs excel in high-dimensional spaces and often perform well even with smaller training datasets, making
them a strong complement to CNNs. While hybrid models have been explored in other domains, their potential in face
recognition—particularly under real-world conditions involving lighting shifts, pose variations, and occlusions—has yet to be fully
realized.
This study builds on the complementary strengths of CNNs and SVMs, aiming to address the limitations of each and enhance face
recognition performance in challenging, real-world scenarios.
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11l. METHODOLOGY
A. Problem Formulation
Face recognition can be viewed as a classification problem, where the goal is to assign a given image Il to one of several
predefined identity classes CCC. Mathematically, this can be expressed as:
f:1-Cf: I \rightarrowCf:1—-C
Where:
o Ill represents the input face image
e CCCisthe predicted identity class of the person in the image
To address this problem, we propose a hybrid machine learning model that combines the strengths of Convolutional Neural
Networks (CNNs) for feature extraction and Support Vector Machines (SVMs) for classification.

B. Hybrid Model Architecture

The proposed hybrid model is composed of two main components: a CNN for extracting features from facial images and an SVM

for classifying those features into identity classes.

1) Feature Extraction with CNN:

e The CNN is designed to automatically learn a hierarchy of features from raw facial images. In this study, we utilize a pre-
trained network such as VGG16 or ResNet, which is fine-tuned on our face recognition dataset.

e This network captures complex facial characteristics—including shape, texture, and overall appearance—and transforms them
into a high-dimensional feature vector representing the image.

2) Classification with SVM:

e The feature vector obtained from the CNN is passed to an SVM classifier.

e The SVM identifies the optimal hyperplane to separate different identity classes in a high-dimensional feature space. For this
task, we use an SVM with a radial basis function (RBF) kernel, which is well-suited for handling non-linear classification
problems.

3) Hybrid Integration:

e The CNN and SVM are integrated into a streamlined pipeline: the CNN first extracts rich, discriminative features from the
input image, and the SVM then classifies these features into their corresponding identity class.

e This hybrid setup leverages the deep learning capabilities of CNNs and the precise decision boundaries of SVMs, resulting in
improved performance and robustness in face recognition.

IV. DATASET AND PREPROCESSING
The face recognition experiments in this study were carried out using two well-known datasets: LFW (Labeled Faces in the Wild)
and VGGFace2. The LFW dataset includes around 13,000 labeled facial images from 5,749 individuals, while VGGFace2 offers a
much larger and more diverse set of over 3 million images from 9,131 subjects. These datasets are ideal for testing the robustness of
face recognition models because they contain a wide range of variations in facial pose, lighting conditions, and age.
Before training, several preprocessing steps are performed to prepare the data:
1) Face Detection: Faces are identified in each image using the Multi-task Cascaded Convolutional Networks (MTCNN)
algorithm.
2) Face Alignment: Once detected, faces are aligned to a consistent pose using facial landmark detection to minimize pose
differences.
3) Normalization and Augmentation: Pixel values are normalized, and various image augmentation techniques—such as random
rotations, flips, and scaling—are applied to enhance the model's ability to generalize across different conditions.

Evaluation Metrics

To evaluate the performance of our face recognition model, we use the following metrics:

1) Accuracy: The overall percentage of face images that are correctly classified.

2) Precision and Recall: Precision reflects how many of the predicted positive matches are actually correct, while recall indicates
how many of the actual positive cases were correctly identified.

3) F1 Score: A balanced metric that combines precision and recall by calculating their harmonic mean.
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4) ROC Curve (Receiver Operating Characteristic): A visual tool that shows the trade-off between the true positive rate and the
false positive rate across different classification thresholds.

V. EXPERIMENTS AND RESULTS
A. Experimental Setup
The experiments were carried out on a high-performance system powered by an NVIDIA Tesla V100 GPU. The Convolutional
Neural Networks (CNNs) were developed using the TensorFlow/Keras framework, while the Support Vector Machine (SVM)
classifier was implemented with the scikit-learn library. For training, a pre-trained CNN model was fine-tuned using the LFW and
VGGFace? datasets, and the features extracted by the CNN were then used to train the SVM for final classification.

B. Training Procedure

e CNN Training: The CNN was fine-tuned over 50 epochs with a learning rate of 0.0001. To improve generalization and enhance
dataset variability, several data augmentation techniques—such as random rotations, horizontal flipping, and scaling—were
applied during training.

e SVM Training: Once the CNN extracted feature vectors from the face images, the SVM classifier was trained on these vectors.
An RBF (Radial Basis Function) kernel was used to handle the complexity of the high-dimensional feature space and ensure
effective non-linear classification.

VI. DISCUSSION AND ANALYSIS
A. Model Strengths
The hybrid model shows strong performance across a variety of real-world scenarios, effectively handling changes in lighting, facial
pose, and expressions. The CNN component excels at extracting meaningful and discriminative features from facial images, while
the SVM classifier is well-suited for managing the high-dimensional feature space and delivering precise classifications.

B. Model Limitations

Despite its strengths, the hybrid model does have some limitations. Its performance is closely tied to the quality of the training data.
For instance, it may struggle with faces that are heavily occluded or captured under extreme lighting conditions. Furthermore, while
the model performs well on established datasets like LFW and VGGFace2, more extensive testing on diverse, real-world datasets is
needed to truly assess its ability to generalize across different environments and populations.

VII.CONCLUSION
In this study, we designed and tested a hybrid machine learning model for face recognition that leverages the strengths of
Convolutional Neural Networks (CNNs) for feature extraction and Support Vector Machines (SVMs) for classification. The results
showed that this hybrid approach offers enhanced accuracy and robustness compared to traditional methods, achieving strong, state-
of-the-art performance on benchmark datasets. Looking ahead, future research will aim to further boost the model’s ability to
generalize by integrating other advanced machine learning techniques and testing it on a wider range of diverse, real-world datasets.
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