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Problem Statement
Emotion recognition in DOC patients is one of the biggest problems when attempting neurorehabilitation. Most of the patients do not have conventional means of communicating or expressing themselves. Advanced technological solutions are hence required in correctly identifying and reacting to their emotional states. Systems that presently exist, such as those based on EEG-based emotion detection, are considered to hold a lot of promises since it captures neural signals directly. These methods are, however, susceptible to several challenges, including noise, signal quality variability, and limited capability for generalization to diverse patient populations​.(Fernandes et al., 2024; Ul Hassan et al., 2023)

Multimodal approaches-a fusion of EEG signals with other modalities such as facial expressions and physiological data-have lately been put forward to enhance the currently unsatisfactory level of accuracy and robustness. However, such frameworks remain relatively unexploited, especially in clinical applications in which real-time functionality and ethical considerations, including data privacy and algorithmic transparency, are crucial​.(Akbar et al., 2024; Fernandes et al., 2024; Pereira et al., 2024)

This limitation therefore underlines the urgent need for the integration of multimodal data sources in dealing with various technical and ethical challenges to enhance the reliability and applicability of emotion recognition systems within clinical settings. In the light of the above, the present study is designed to be aimed at filling the lacuna with a view to providing more scope for enhancing the reliability, scalability, and ethical compliance of the emotion recognition system related to healthcare​.(Akbar et al., 2024; Stasolla et al., 2023; Ul Hassan et al., 2023)








Research Objectives
General Objective
This involves the design, development, and validation of a multimodal framework that can be used for emotion recognition in patients with disorders of consciousness, using EEG signals, along with facial recognition and physiological data, to enhance clinical accuracy, scalability, and ethical compliance.

Specific Objectives
1. To investigate the drawbacks of existing EEG-based emotion recognition systems:
Analyze current methodologies regarding noise, variability, and scalability issues.(Fernandes et al., 2024; Ul Hassan et al., 2023)
2. To assess the use of multimodal data for emotion recognition:
Integration of EEG signals with facial and physiological data for better detection accuracy was considered (Akbar et al., 2024; Stasolla et al., 2023)
3. To find out and implement improved machine learning algorithms:
Analyze the performance of algorithms such as GCNNs and LSTM networks in processing multimodal data (Fernandes et al., 2024; Ul Hassan et al., 2023)
4. To Develop a prototype of the proposed multimodal framework:
Design and implement a system that integrates EEG, facial expression, and physiological signals for the real-time recognition of emotion(Stasolla et al., 2023; Ul Hassan et al., 2023)
5. To validate the proposed framework in experimental settings:
Subject dependent and subject independent testing of the system regarding accuracy and robustness ​(Fernandes et al., 2024; Pereira et al., 2024)
6. To explore ethical issues related to multimodal emotion recognition:
patient privacy, consent, and algorithmic transparency during the design of systems(Akbar et al., 2024; Ul Hassan et al., 2023) ​
7. To measure the impact of emotion recognition on rehabilitation:
Better emotion detection/patient recovery and caregiver decision-making (Akbar et al., 2024; Stasolla et al., 2023)
8. To develop a domain-specific dataset for training and validation:
Building a repository of multimodal emotion data related to patients with disorders of consciousness ​(Fernandes et al., 2024; Ul Hassan et al., 2023)
9. To provide recommendations for future research and clinical integration:
Discuss how the framework can be integrated into health care systems and what paths may be considered for further development (Akbar et al., 2024; Stasolla et al., 2023; Ul Hassan et al., 2023)


Summary of Literature Review
Emotion recognition systems literature identifies some key themes:
Limitations of Current Approaches:
· EEG-based systems have been promising in detecting emotions directly from brain signals but were normally marred by noisiness, inter-individual variability, and large datasets required for the two works Emotion Detection.(Fernandes et al., 2024; Ul Hassan et al., 2023)
· Facial recognition and physiological data provide complementary insights into human behavior; however, these approaches are often isolated from each other, not leveraging many of the advantages of combination (Pereira et al., 2024; Stasolla et al., 2023)
Amplifying Multimodal Approaches:
· EEG, facial, and physiological information are combined to improve recognition accuracy. For example, Graph Convolutional Neural Networks model spatial relationships in EEG while CNNs do well in analyzing facial expressions ​(Fernandes et al., 2024; Pereira et al., 2024; Ul Hassan et al., 2023)
Ethical Consideration:
· Patient privacy and informed consent are two of the critical challenges, particularly in clinical settings. Transparencies in algorithms and minimization of biases are two mainstays for wide adoptions​(Akbar et al., 2024; Stasolla et al., 2023)
Applications in Neurorehabilitation:
· Virtual Reality and Telerehabilitation are a few emerging technologies that could accommodate the integration of an emotion recognition system to improve the patients' quality of life​(Akbar et al., 2024; Stasolla et al., 2023)


Anticipated Contributions:
The present study is expected to contribute substantially on several fronts:

Theoretical Advances:
Introduce a new framework that represents emotion detection from a multimodal approach, where EEG has been combined with facial and physiological data to address the lacunars in the current state (Fernandes et al., 2024; Stasolla et al., 2023)
Technological Innovation:
Design and validate high-level machine learning models in real time for emotion detection in clinical settings by using GCNN (Fernandes et al., 2024; Ul Hassan et al., 2023)
Ethical Benchmarking:
Establish norms on privacy, transparency, and informed consent regarding emotion recognition systems ​(Akbar et al., 2024; Stasolla et al., 2023)
Practical Implementation:
Actionable recommendations that integrate the proposed framework into healthcare systems to provide better patient care and rehabilitation outcomes (Akbar et al., 2024; Stasolla et al., 2023; Ul Hassan et al., 2023)
Future Research Directions:
Identify pathways for further innovation, focusing on expanding multimodal datasets and refining AI models for emotion recognition(Fernandes et al., 2024; Ul Hassan et al., 2023)
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