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ABSTRACT:

Facial Emotion Recognition (FER) is a critical component of human-computer interaction, psychological analysis, and security systems. This study presents a deep
learning-based approach utilizing Convolutional Neural Networks (CNNs) for automated emotion classification. A publicly available dataset from Kaggle,
comprising labelled facial expression images, was pre-processed using grayscale conversion, histogram equalization, and image augmentation to enhance feature
representation and model generalization. The proposed CNN model, implemented in TensorFlow/Keras, was trained on an 80:20 split of the dataset and achieved
a classification accuracy of 92%, demonstrating strong precision, recall, and F1 scores Furthermore, a real-time FER system was developed using OpenCV, enabling
instant emotion detection via webcam. The findings underscore the effectiveness of deep learning in FER, with significant implications for affective computing,
social robotics, and behavioral analysis. Despite its high accuracy, challenges such as dataset biases, real-world variability, and ethical concerns in Al-driven
emotion recognition warrant further investigation.
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INTRODUCTION

Facial expressions play a vital role in human communication, serving as key indicators of emotions, intentions, and cognitive states. The ability to
automatically recognize facial emotions has gained significant interest due to its applications in human-computer interaction, security systems, mental
health monitoring, and entertainment. As artificial intelligence (Al) continues to evolve, Facial Emotion Recognition (FER) is increasingly integrated
into Al-driven applications such as sentiment analysis, autonomous systems, and clinical diagnostics [1]. Deep learning, particularly Convolutional Neural
Networks (CNNs), has revolutionized the field of image-based recognition by enabling highly accurate feature extraction and classification. CNNs are
well-suited for FER tasks due to their ability to capture spatial hierarchies in facial images, allowing for precise emotion recognition. The objective of
this study is to develop an efficient FER system that accurately classifies emotions while maintaining computational efficiency [2].

The research employs the FER2013 dataset, sourced from Kaggle, which comprises labelled grayscale images representing different emotional states. To
enhance model performance and generalization, various preprocessing techniques such as grayscale conversion, normalization, and data augmentation
were applied. The proposed CNN model was implemented using TensorFlow and Keras, utilizing an 80-20 dataset split, with early stopping mechanisms
incorporated to mitigate overfitting [3].

Furthermore, a real-time FER system was developed using OpenCV and Streamlit, enabling live emotion detection through webcam input. The integration
of deep learning with real-time processing expands the potential applications of FER in domains such as security surveillance, virtual assistants, mental
health analysis, and interactive learning environments. This study contributes to the advancement of affective computing by addressing challenges such
as dataset biases, real-world variability, and computational efficiency [4].
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Fig.1: llustration of Facial Expression Analysis
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LITERATURE REVIEW

Facial Emotion Recognition (FER) has evolved significantly, transitioning from traditional machine learning techniques to advanced deep learning-based
methods. Early FER models relied on handcrafted feature extraction techniques such as Local Binary Patterns (LBP), Histogram of Oriented Gradients
(HOG), and Principal Component Analysis (PCA). These methods, although effective in controlled environments, exhibited limitations when applied to
real-world scenarios due to their sensitivity to variations in lighting, pose, and occlusions [5, 6].

With the advent of deep learning, Convolutional Neural Networks (CNNs) emerged as a breakthrough in image-based recognition tasks, including FER.
CNNs enable automatic hierarchical feature extraction, eliminating the need for manual feature engineering while significantly improving classification
accuracy [7]. Goodfellow et al. demonstrated that deep CNNs outperformed conventional approaches by effectively capturing complex spatial features
crucial for emotion recognition [8]. Additionally, He et al. introduced the ResNet architecture, which addressed performance degradation issues in deep
networks and further enhanced accuracy through residual learning [9].

Recent advancements have explored hybrid architectures that integrate CNNs with Recurrent Neural Networks (RNNs) and Long Short-Term Memory
(LSTM) networks to capture both spatial and temporal aspects of facial expressions. Furthermore, Vision Transformers (ViTs) have been investigated
for FER due to their ability to model global dependencies in images [10]. Despite their high accuracy, transformer-based models present computational
challenges, making CNNs a more suitable choice for real-time FER applications [11].Building on these advancements, this study proposes a CNN-based
FER system optimized for real-time performance while addressing challenges such as dataset bias, computational efficiency, and real-world variability.

Table 1 - The table below compares different FER approaches.

Study/Method Approach Feature Extraction  Performance Metrics Comments

SVM with handcrafted

~7009 imi i i
Shan et al. (2009) features LBP, HOG Accuracy ~70% Limited generalization [3]
Goodfellow et al. CNN-based Deep . . _aro . .
(2013) Learing Automatic feature learning Accuracy ~85% Effective but requires large datasets [1]
He et al. (2016) ResNet-based CNN Residual learning Accuracy ~90% High accuracy with deeper networks [2]
CNN with Data Convolutional layers 090 I : -
Proposed Model Augmentation _ MaxPooling Accuracy ~92% Optimized for real-time applications

METHODOLOGY

The proposed system consists of two key components: a deep learning model for facial emotion recognition and a real-time web-based interface for
interactive usage. The following steps outline the methodology:

3.1 Data Preprocessing

The FER2013 dataset was pre-processed to remove noise and improve model robustness.

Images were converted to grayscale to reduce computational complexity.

Histogram equalization was applied to normalize contrast variations.

Image augmentation techniques, including rotation, flipping, and zooming, were used to enhance model generalization.

3.2 Model Architecture

The CNN model was implemented using TensorFlow/Keras.

The architecture consists of convolutional layers with ReLU activation, followed by Max Pooling layers for feature extraction.
A Flatten layer connects to fully connected Dense layers, leading to a final Soft max classification layer.

Adam optimizer and categorical cross-entropy loss were used for training.

3.3 Training and Evaluation

®  The dataset was split into 80% training and 20% testing.
e  Early stopping and dropout layers were applied to prevent overfitting.
®  Model evaluation metrics included accuracy, precision, recall, and F1-score.

3.4 Real-time Deployment

®  OpenCV was used for real-time face detection and emotion recognition.
e A Streamlit -based web application was developed for user interaction.
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e  The application captures live video, processes facial expressions, and classifies emotions instantly.

Fig. 2: Flowchart of the Facial Emotion Recognition Process

RESULTS AND DISCUSSION

The trained CNN model achieved an accuracy of 92% on the test dataset. The classification report showed high precision and recall across all emotion
categories. The confusion matrix revealed that emotions such as happiness and anger were detected with high confidence, while emotions like fear and
surprise exhibited slight misclassification due to overlapping facial features.

The real-time interface demonstrated efficient emotion detection with minimal latency, making it suitable for real-world applications. Challenges such

as lighting variations and partial occlusions were observed, suggesting the need for further improvements using transformer-based models or multi-
modal data integration.
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Fig. 3: Performance Evaluation of the Facial Emotion Recognition Model

CONCLUSION

This study successfully implemented a CNN-based model for facial emotion recognition, achieving 92% accuracy on the FER2013 dataset. The
integration of a real-time web-based interface highlights the model’s practical applicability in affective computing, mental health analysis, and human-
computer interaction. Future work includes expanding the dataset, incorporating 3D facial features, and exploring transformer-based architectures for
enhanced performance. Ethical considerations such as data privacy and bias mitigation are also crucial for deploying FER systems responsibly.
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