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ABSTRACT: Mental health disorders are increasingly prevalent across populations, creating a strong need for
diagnostic systems that are both accurate and capable of identifying early-stage symptoms before they escalate.
Conventional assessment methods such as clinical interviews, self-report questionnaires, and behavioral observations
often face limitations including subjectivity, inconsistency, and delayed detection of emotional changes. These
challenges highlight the necessity for more advanced, objective, and timely diagnostic approaches.

The proposed Deep Hybrid Multimodal Framework presents an intelligent and unified solution by integrating multiple
data modalities, including text, speech, and facial expressions. It leverages transformer-based natural language
processing models to analyze linguistic patterns, LSTM networks to capture temporal dynamics in speech, and CNN or
Vision Transformer models to interpret facial behavior. This multimodal integration enables the system to detect subtle
emotional indicators associated with conditions such as depression, anxiety, and stress.

A key feature of the framework is its hybrid attention-fusion mechanism, which combines information from different
modalities to generate context-aware insights. This approach enhances predictive performance by capturing
interdependencies between text, audio, and visual signals. Additionally, the incorporation of Explainable Al techniques,
such as attention heatmaps and token-level interpretability, ensures transparency in decision-making, making the
system more reliable and suitable for clinical applications.

The system is designed with modular pipelines that process text, audio, and video inputs efficiently and can be
deployed through scalable microservices. This architecture makes it well-suited for real-time applications, particularly
in telehealth environments where continuous monitoring is essential. Overall, the framework provides a robust pathway
for early detection, proactive intervention, and improved mental health outcomes on a global scale.

KEYWORDS: Mental Health Detection, Multimodal Learning, Deep Learning, Transformer Models, LSTM, CNN,
Explainable Al, Early Diagnosis

L. INTRODUCTION

1.1 Background of Mental Health Diagnostics

Mental health disorders such as depression, anxiety, and stress are increasing due to modern lifestyle pressures and
global challenges. Traditional diagnostic methods like interviews and questionnaires are often subjective and may fail
to detect early symptoms. Human emotions are expressed through text, speech, and facial expressions, but analyzing a
single modality gives incomplete insights. Multimodal Al integrates these signals using deep learning models like
transformers, LSTM, and CNN/ViT to enable accurate and early detection of mental health conditions.

Artificial Intelligence (Al) offers a promising solution by enabling IDS to learn from data, recognize complex patterns,
and make informed decisions autonomously. Machine Learning (ML) algorithms, such as Support Vector Machines
(SVM), k-Nearest Neighbors (k-NN), and Decision Trees, have been widely applied to classify network traffic and
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detect intrusions. However, these models often struggle with high-dimensional data and may require extensive feature
engineering.

1.2 Multimodal AI in Mental Health

Human emotions are complex and appear across multiple channels such as language, tone, and expressions. Al-based
systems can analyze these multimodal signals to provide a more comprehensive understanding of mental health.
Advanced models help in identifying subtle emotional changes, enabling continuous monitoring and improving
diagnostic accuracy compared to traditional methods.

1.3 Multimodal Deep Learning Motivation

Mental health issues often show subtle early signs that are difficult to detect. A multimodal deep learning approach
combines text, speech, and visual data to capture complete emotional patterns. This approach improves accuracy,
supports early diagnosis, and provides accessible solutions for individuals who may not have access to professional
mental health services.

1.4 Problem Definition

Existing mental health diagnostic methods are limited by subjectivity and reliance on single data sources. There is a
need for an efficient system that integrates multiple modalities. This project proposes a hybrid deep learning model
using CNN and BiLSTM to analyze text, speech, and images, improving prediction accuracy and enabling early
detection.

1.5 Scope of the Project

The project focuses on developing a multimodal system for early mental health detection using text, speech, and image
data. It utilizes CNN and BiLSTM models along with techniques like NLP and MFCC for feature extraction. The
system integrates these modalities through fusion methods to provide accurate predictions. While it supports early
screening and awareness, it does not replace professional diagnosis and can be extended for real-time applications in
the future.

II. LITERATURE REVIEW

The reviewed literature highlights that recent advancements in machine learning and deep learning have significantly
transformed mental health detection, shifting it from subjective clinical assessments to more objective, data-driven
approaches. Speech-based analysis, multimodal learning, and transformer-based NLP models have proven effective in
identifying early signs of depression, anxiety, and stress through acoustic, linguistic, and behavioral patterns.
Techniques such as CNNs, LSTMs, and Vision Transformers enable the extraction of subtle emotional cues from
speech, text, and facial expressions, while multimodal fusion methods further enhance diagnostic accuracy by capturing
cross-modal relationships that single-modality systems often miss.

The studies also emphasize the importance of real-time monitoring, explainable Al, and hybrid deep learning
architectures in improving mental health assessment. Continuous tracking systems allow detection of emotional
changes over time, supporting early intervention and proactive care. At the same time, explainability techniques such as
attention mechanisms, SHAP, and saliency maps ensure transparency and trust in Al-driven decisions, which is critical
in healthcare applications. Hybrid models combining CNN, LSTM, and transformer architectures consistently
outperform traditional and unimodal systems, demonstrating the effectiveness of integrating spatial, temporal, and
contextual features.

However, several challenges remain in developing reliable mental health Al systems. These include limited availability
of high-quality, diverse, and multimodal datasets, ethical concerns related to privacy and data security, and potential
biases in model predictions. Issues such as dataset imbalance, lack of longitudinal data, and difficulty in capturing real-
world variability can affect model generalization. Additionally, many existing systems lack interpretability and struggle
with deployment in real-world environments due to computational and practical constraints.

Overall, the literature supports the need for advanced multimodal frameworks that integrate deep learning, real-time
analysis, and explainable Al to achieve accurate and scalable mental health diagnostics. Future systems should focus on
improving dataset diversity, ensuring ethical Al practices, enhancing interpretability, and enabling continuous
monitoring. Such developments will contribute to early detection, personalized intervention, and more accessible
mental healthcare solutions, ultimately improving global psychological well-being.

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 4185



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

|[ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |

etw
¥
4'5_ f'_&%' | Volume 8, Issue 2, March - April 2026 |
IJEETR DOI:10.15662/IJEETR.2026.0802424
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Research Methodology

This research follows a multimodal deep learning approach for mental health detection by integrating text, speech, and
facial data. Initially, relevant datasets are collected and preprocessed, where text is cleaned using NLP techniques,
speech signals are processed using feature extraction methods such as MFCC, and facial images are prepared for
emotion recognition.

Feature extraction is performed using advanced deep learning models. Transformer-based models are used for textual
analysis, LSTM networks capture temporal patterns in speech, and CNN/Vision Transformer models extract facial
features. These features are then combined using a multimodal fusion technique to capture cross-modal relationships
and improve prediction accuracy.

The integrated model is trained and evaluated using standard performance metrics such as accuracy, precision, recall,
and Fl-score. Explainable Al techniques are applied to interpret model decisions and ensure transparency. Finally, the
system is designed for real-time monitoring and scalable deployment in telehealth environments to support early mental
health diagnosis.

To improve prediction accuracy, a multimodal fusion technique is employed to combine features from all modalities. A
hybrid attention-based mechanism is used to identify the most relevant features across text, speech, and visual data,
enabling context-aware analysis. The integrated model is then trained using supervised learning techniques and
evaluated using performance metrics such as accuracy, precision, recall, and F1-score to ensure reliability.

Furthermore, Explainable Al (XAI) techniques are incorporated to enhance transparency and interpretability of the
model’s predictions. Visualization methods such as attention maps and feature importance scores are used to understand
how the model makes decisions. Finally, the system is designed for real-time monitoring and scalable deployment using
microservices, making it suitable for telehealth applications and early mental health diagnosis.

IV. RESULTS AND DISCUSSION

Results and Discussion

The proposed multimodal deep learning system demonstrated strong performance in detecting mental health conditions
by effectively integrating text, speech, and facial expression data. The hybrid model achieved high accuracy and
improved classification results compared to unimodal approaches, confirming that combining multiple modalities
provides a more comprehensive understanding of emotional states. Performance metrics such as accuracy, precision,
recall, and F1-score indicated consistent and reliable predictions across different test datasets.

The results show that each modality contributes uniquely to the overall performance. Text analysis captured contextual
and linguistic cues related to emotional expression, speech analysis identified variations in tone, pitch, and rhythm,
while facial analysis detected micro-expressions and visual emotional signals. The multimodal fusion mechanism
successfully combined these features, enhancing the model’s ability to detect subtle and early signs of depression,
anxiety, and stress.

The use of hybrid deep learning architectures, including CNN, LSTM, and transformer models, further improved the
system’s effectiveness by capturing spatial, temporal, and contextual information. Additionally, the incorporation of
attention mechanisms helped the model focus on the most relevant features, leading to better interpretability and
decision-making. Explainable Al techniques provided insights into the model’s predictions, increasing transparency and
trust, which is essential in healthcare applications.

However, some limitations were observed during the study. The performance of the model depends heavily on the
quality and diversity of the dataset, and challenges such as data imbalance, noise in speech signals, and variations in
facial expressions can affect accuracy. Despite these limitations, the overall findings confirm that the proposed system
is a reliable and scalable solution for early mental health detection, with potential applications in real-time monitoring
and telehealth environments.
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Overall, the integration of Al techniques in IDS frameworks in 2024 significantly improves detection capabilities,
adaptability, and interpretability. However, balancing detection accuracy, computational efficiency, and real-time
responsiveness continues to be a focal research area.

The experimental results also highlight the importance of multimodal fusion in improving robustness under real-world
conditions. While unimodal models showed performance drops in noisy or incomplete data scenarios, the proposed
system maintained stable accuracy by leveraging complementary information from other modalities. For instance, when
speech data was affected by background noise, textual and facial cues compensated for the loss, ensuring consistent
prediction. This demonstrates the system’s reliability and adaptability in practical environments such as telehealth and
remote monitoring.
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V. CONCLUSION

This project presents a deep hybrid multimodal framework for mental health detection by integrating text, speech, and
facial expression analysis. The proposed system effectively combines advanced deep learning models such as
transformers, LSTM, and CNN/Vision Transformers to capture contextual, temporal, and spatial features associated
with emotional and psychological states. The use of multimodal fusion enhances prediction accuracy by leveraging
complementary information from different data sources.

The results demonstrate that the proposed approach outperforms traditional and unimodal methods, providing more
reliable and early detection of mental health conditions such as depression, anxiety, and stress. The integration of
Explainable Al techniques further improves transparency and trust, making the system more suitable for real-world and
clinical applications.

Despite some limitations related to dataset quality and real-world variability, the system shows strong potential for
scalable deployment in telehealth and continuous monitoring environments. Overall, this work contributes to the
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development of intelligent, accessible, and efficient mental health diagnostic tools, supporting early intervention and
improved psychological well-being.

VI. FUTURE WORK

Use larger and more diverse datasets to improve accuracy and reduce bias

Extend the system for real-time monitoring using mobile and wearable devices
Integrate advanced models like multimodal transformers and reinforcement learning
Optimize the system for faster performance and low-latency deployment

Enhance Explainable Al for better transparency and trust

Ensure strong data privacy, security, and ethical compliance

Add personalized mental health recommendations and insights

Support multilingual features for wider accessibility

Develop user-friendly dashboards and interactive interfaces

0 Expand the system for continuous monitoring and telehealth applications
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