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Abstract: A key requirement for developing any innovative system in a computing environment is to
integrate a sufficiently friendly interface with the average end user. Accurate design of such a user-
centered interface, however, means more than just the ergonomics of the panels and displays. It also
requires that designers precisely define what information to use and how, where, and when to use it.
Facial expression as a natural, non-intrusive and efficient way of communication has been considered as
one of the potential inputs of such interfaces. The work of this thesis aims at designing a robust Facial
Expression Recognition (FER) system by combining various techniques from computer vision and
pattern recognition. Expression recognition is closely related to face recognition where a lot of research
has been done and a vast array of algorithms has been introduced. FER can also be considered as a
special case of a pattern recognition problem and many techniques are available. In the designing of an
FER system, we can take advantage of these resources and use existing algorithms as building blocks of
our system. So a major part of this work is to determine the optimal combination of algorithms. To do
this, we first divide the system into 3 modules, i.e. Preprocessing, Feature Extraction and Classification,
then for each of them some candidate methods are implemented, and eventually the optimal
configuration is found by comparing the performance of different combinations. Another issue that is of
great interest to facial expression recognition systems designers is the classifier which is the core of the
system. Conventional classification algorithms assume the image is a single variable function of a
underlying class label. However this is not true in face recognition area where the appearance of the
face is influenced by multiple factors: identity, expression, illumination and so on.

Keywords: Facial Expression Recognition (FER), Computer Vision, Pattern Recognition, Feature
Extraction, Classification, Emotion Detection, Human-Computer Interaction

L. INTRODUCTION

Emotion recognition plays a crucial role in Al-driven applications, including human-computer interaction, healthcare,
and customer service. This project aims to develop an emotion recognition system using deep autoencoders to classify
emotions from facial expressions. Autoencoders are unsupervised neural networks that learn to compress and
reconstruct input data, making them well-suited for extracting meaningful features from images. These features are then
used to identify emotions in facial expressions. For this project, we use the FER-2013 dataset, which contains labelled
facial images depicting various emotions. The dataset is pre- processed to enhance generalization, and a deep
autoencoder model is designed to extract features from the images. The model's output is passed through a
classification head to predict the emotion being expressed. The goal is to demonstrate the potential of deep
autoencoders for emotion recognition and to lay the groundwork for real-world applications such as virtual assistants
and interactive systems.

II. LITRATURE REVIEW
Lee et al. (2015): This paper explored the use of deep autoencoders for facial emotion recognition, demonstrating their
effectiveness in learning discriminative features.
Liu et al. (2016): This study investigated the application of deep autoencoders for emotion recognition from EEG
signals, highlighting their potential for non-invasive emotion sensing.
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Denoising Autoencoders: These autoencoders are trained to reconstruct input data corrupted with noise, making them
more robust to variations in data.

Variational Autoencoders (VAEs): VAEs introduce latent variables to model the probability distribution of the input
data, providing a probabilistic framework for emotion recognition.

Sparse Autoencoders: Sparse autoencoders encourage the learned representations to be sparse, promoting feature
selection and reducing overfitting.

Fusion of Visual and Audio Modalities: Studies have explored the combination of deep autoencoders for facial
expressions and speech features to improve emotion recognition accuracy.

Integration of Physiological Signals: Incorporating physiological signals (e.g., heart rate, skin conductance) with deep
autoencoders can provide a more comprehensive understanding of emotional states.

Cross-Domain Emotion Recognition: Research has focused on adapting deep

autoencoder models to recognize emotions across different domains (e.g., in-the-wild vs. controlled environments).
Domain-Invariant Features: Exploring techniques to extract domain-invariant features can improve the generalizability
of emotion recognition models.

Interpretability of Deep Autoencoders: Understanding the learned representations and decision-making processes of
deep autoencoders can enhance trust and transparency in emotion recognition systems.

Ethical Implications: Addressing ethical concerns related to privacy, bias, and fairness in emotion recognition is crucial
for responsible deployment.

III. METHODOLOGY
Proposed Algorithm for Emotion Recognition Using Deep Autoencoders Input:
e Raw data (e Fig 4 — User Interface.g., facial images, speech audio, physiological signals)
e Labels for emotional expressions (if available)

Process:
Data Preprocessing:
e C(Clean and normalize the data.
e Handle missing values or outliers.
e Ifnecessary, augment the data to increase diversity.
Feature Extraction Using Deep Autoencoder:
e Construct a deep autoencoder architecture with appropriate layers and activation functions.
e Train the autoencoder in an unsupervised manner to learn latent representations of the input data.
e  Extract the learned features from the latent space.
Feature Selection:
e Select the most informative features from the extracted latent representations.
e  Techniques like feature importance or principal component analysis can be used.
Emotion Classification:
e Train a classifier model (e.g., support vector machine, random forest, neural network) on the selected features
and corresponding labels.
e  Use cross-validation to evaluate the model's performance and tune hyperparameters.
Model Evaluation:
e Evaluate the model's performance using appropriate metrics (e.g., accuracy, precision, recall, Fl-score,
confusion matrix).
e  Analyze the results to identify areas for improvement.
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Output:

e  Predicted emotions for new input data.
e Evaluation metrics to assess the model's performance.

Example Output:
Predicted Emotions:

Happy: 0.7
Sad: 0.2
Angry: 0.1

Evaluation Metrics:

e Accuracy: 85%

e Precision: 0.8
Recall: 0.9

e Fl-score: 0.85
This output indicates that the model predicted "Happy" with the highest probability (0.7), followed by "Sad" and
"Angry". The evaluation metrics show that the model achieved an overall accuracy of 85% and performed well in terms
of precision and recall

IV. SYSTEM ARCHITECTURE
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Fig-1 Architecture

This diagram represents the functional workflow of a emotion recognition model. Below is a detailed explanation of
each component:
Training Stage

e Use EEG model pre-trained on ImageNet dataset.

e Train model on ImageNet to learn general image features.

e  Collect facial expression dataset.

e  Crop faces from the dataset to focus on relevant regions.

e C(lean the dataset by removing poor-quality or irrelevant data.

e Add new dense layer to pre-trained model for emotion recognition.

e  Perform fine-tuning on cleaned dataset to adapt model to FER.

e Output: Trained Emotion Recognition Model
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Testing Stage
e Input a test image.
e  Crop the face from the test image.
e Pass cropped face through the trained Emotion Recognition Model.
e  Model outputs probability scores for each emotion:

o  Afraid
e Angry
e Disgusted
e Sad
e Happy
e  Surprised
e Neutral
V. RESULT
B | Welcome = o >

Welcome to Emotion Detection Using EEG DataSet

Press any key to continue...

Fig 2 - User Interface

B | Selection = (m] >

Select Your Age Group

Press 2: Teen

Press 3: Adult

Fig 3 — User Interface
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B! Selection — a X

Select Your Gender

Press 1: Male

Fig 4 — User Interface

B | Emotion Detection — a X

WAY
e

Fig 5 — User Output
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Figure 2- Welcome Screen
Welcome to Emotion Detection Using EEG DataSet
Press any key to continue...

Fig 3 — Gender Selection
Select Your Gender

Press 1: Male

Press 2: Female

Fig 4 —Age Group Selection
Select Your Age Group
Press 1: Child

Press 2: Teen

Press 3: Adult

Fig-5 Emotion Detection OQutput

Final output showing real-time emotion prediction:

Displays gender, age group, detected emotion (Happy), and its confidence (82.25%).
A yellow box highlights the detected face in the image.

VI. CONCLUSION
This project successfully demonstrates the effectiveness of deep autoencoders in emotion recognition. By leveraging
unsupervised learning, the model is capable of extracting meaningful features from facial expressions, improving
classification accuracy. Compared to traditional CNN-based approaches, deep autoencoders offer better feature
representation and improved generalization.
Our system achieved 70% accuracy on the FER-2013 dataset, proving its potential for real-world applications. Despite
some limitations, such as dataset constraints and computational costs, the project provides a solid foundation for further
research in emotion recognition using deep learning.
The growing importance of artificial intelligence in human-computer interactions makes emotion recognition a valuable
tool across various domains. From mental health monitoring to Al-driven customer service, emotion recognition
technology has numerous applications. However, the accuracy and efficiency of such systems still require significant
enhancements.
Future advancements can focus on improving dataset diversity to reduce bias, incorporating multi-modal emotion
recognition by integrating audio and physiological signals, and optimizing deep learning models to work efficiently in
real-time applications. Moreover, explainability in AI models remains an important area of research, ensuring that
emotion recognition decisions are interpretable and transparent.
By refining these aspects, the proposed system can contribute significantly to the development of intelligent and
empathetic Al applications, further bridging the gap between machines and human emotions.
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