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ABSTRACT: Early detection of mental health disorders is critical for timely intervention and improved patient 

outcomes. This study proposes an AI-driven multimodal framework that integrates voice, text, and emotion analysis to 

identify early signs of mental health conditions. The system leverages natural language processing to analyze textual 

inputs, speech processing techniques to extract vocal features such as tone, pitch, and pauses, and emotion recognition 

models to detect affective states from user interactions. These modalities are combined using a fusion-based deep 

learning approach to enhance prediction accuracy and robustness. The proposed framework enables continuous, non-

invasive monitoring and provides real-time risk assessment, making it suitable for deployment in telehealth and digital 

wellness platforms. Experimental evaluations demonstrate that the multimodal approach significantly outperforms 

single-modality systems, highlighting its effectiveness in capturing complex behavioral patterns associated with mental 

health disorders and supporting proactive clinical decision- making. 
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I. INTRODUCTION 

 

Mental health disorders such as depression, anxiety, and stress-related conditions are increasingly recognized as major 

public health challenges worldwide. According to global health reports, a significant portion of the population 

experiences mental health issues, yet many cases remain undiagnosed due to stigma, lack of awareness, and limited 

access to clinical resources [1]. Early detection plays a crucial role in preventing the progression of these disorders and 

improving treatment outcomes. With the rapid growth of artificial intelligence, data-driven approaches are emerging as 

effective tools for supporting mental health assessment in scalable and accessible ways [2]. 

 

Recent research has explored the use of machine learning and deep learning techniques for mental health detection 

using single data modalities such as text, speech, or facial expressions. Natural Language Processing (NLP) methods 

have been widely applied to analyze linguistic patterns in social media posts and clinical transcripts [3]. Similarly, 

speech-based systems examine acoustic features such as pitch, tone, and pauses to identify emotional distress [4]. 

Emotion recognition techniques further enhance understanding by capturing affective states from behavioral signals [5]. 

While these approaches have shown promising results, they often rely on isolated modalities, limiting their ability to 

capture the complexity of human emotions and psychological conditions. 

 

Despite these advancements, a key limitation in existing systems is the lack of integrated multimodal frameworks that 

combine voice, text, and emotion signals. Mental health disorders are inherently multidimensional, and relying on a 

single modality can lead to incomplete or inaccurate predictions. There is a clear need for a unified system that 

leverages multiple sources of information to improve diagnostic accuracy and robustness [6]. 

 

This study aims to develop an AI-driven multimodal framework that integrates textual, vocal, and emotional features 

for early detection of mental health disorders. The proposed system employs deep learning techniques to fuse 

heterogeneous data and generate reliable predictions. The central research question is whether multimodal integration 



International Journal of Engineering & Extended Technologies Research (IJEETR) 

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

| Volume 8, Issue 2, March - April 2026 | 

DOI:10.15662/IJEETR.2026.0802451 

IJEETR©2026                                                             |     An ISO 9001:2008 Certified Journal   |                                               4458 

 

can significantly enhance early detection performance compared to single-modality approaches. 

The significance of this work lies in its potential to enable continuous, non-invasive, and real-time mental health 

monitoring. Such a system can support clinicians, improve accessibility to mental health services, and facilitate 

proactive intervention strategies. 

 

Contributions 

 Development of a multimodal AI framework integrating voice, text, and emotion analysis. 

 Implementation of a fusion-based deep learning model for improved prediction accuracy. 

 Design of a non-invasive system for continuous mental health monitoring. 

 Demonstration of enhanced performance compared to single-modality approaches. 

 

II. LITERATURE SURVEY 

 

The application of artificial intelligence in mental health analysis has gained significant attention in recent years. 

Researchers have explored various computational approaches to detect psychological disorders using digital data. 

Common keywords in this domain include multimodal learning, emotion recognition, speech analysis, and natural 

language processing. Several high-quality peer-reviewed studies have demonstrated that AI can assist in identifying 

early symptoms of depression, anxiety, and stress through behavioral and linguistic patterns [1], [2]. These studies form 

the foundation for developing intelligent mental health monitoring systems. 

 

A major research theme focuses on text-based mental health detection using Natural Language Processing techniques. 

Many studies analyze social media posts, chat logs, and clinical transcripts to detect depressive or anxious tendencies. 

Machine learning models such as Support Vector Machines, LSTM, and transformer- based architectures have shown 

strong performance in identifying linguistic cues related to mental distress [3], [4]. However, these methods rely heavily 

on textual data alone, which may not fully capture emotional nuances or hidden psychological states. Limitations such 

as sarcasm detection and contextual ambiguity further affect accuracy. 

 

Another important area is speech and voice-based analysis, where acoustic features such as pitch, tone, speech rate, and 

pauses are used to infer mental conditions. Research indicates that individuals with depression or anxiety often exhibit 

distinct vocal patterns, which can be effectively captured using deep learning models [5], [6]. While these systems 

provide valuable insights, they are sensitive to noise, language variations, and recording conditions. Moreover, voice data 

alone cannot fully represent cognitive and emotional complexity. 

 

The third major theme involves emotion recognition and affective computing, where systems detect emotional states 

through behavioral signals. Techniques using deep neural networks and multimodal sentiment analysis have been 

proposed to classify emotions such as sadness, anger, and stress [7],  [8].  Although  these  approaches  improve 

emotional understanding, they often lack integration with other modalities and may struggle with subtle or mixed 

emotions. Additionally, real-world deployment remains challenging due to variability in user behavior. 

 

Recent studies have attempted multimodal approaches, combining text, speech, and emotion data to improve prediction 

performance. These models use fusion techniques to integrate heterogeneous data sources and achieve higher accuracy 

compared to single-modality systems [9], [10]. Despite their advantages, existing multimodal systems still face 

challenges such as data synchronization, increased computational complexity, and limited real-time applicability. Many 

frameworks are also not designed for continuous monitoring or scalable deployment. 

 

From the above analysis, it is evident that while significant progress has been made, a clear research gap exists in 

developing a robust, real-time, and fully integrated multimodal framework for early mental health disorder detection. 

Most existing systems either focus on individual modalities or lack efficient fusion strategies. This gap justifies the need 

for a unified AI-driven solution that combines voice, text, and emotion analysis in a scalable and practical manner. The 

present study addresses this limitation by proposing an advanced multimodal framework designed for accurate, 

continuous, and non-invasive mental health assessment. 

 

Novelty Statement 

This work introduces a unified multimodal framework that integrates voice, text, and emotion analysis using an 

efficient deep learning fusion strategy, enabling real-time, continuous, and more accurate early detection of mental 

health disorders compared to existing single and partially integrated systems. 
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III. PROPOSED METHODOLOGY 

 

This study adopts a quantitative, experimental approach to develop and evaluate an AI-driven multimodal framework 

for early mental health disorder detection. The quantitative strategy is suitable because the system relies on measurable 

data such as text features, speech signals, and emotion scores, which can be processed using statistical and deep 

learning techniques. The experimental design enables controlled evaluation of model performance across different 

modalities and their combinations. The methodology focuses on collecting multimodal data, extracting meaningful 

features, and applying fusion-based deep learning models to improve prediction accuracy and reliability. 

 

IV. SYSTEM ARCHITECTURE 

 

 

The proposed system consists of three primary modules: text analysis, voice analysis, and emotion detection, followed 

by a fusion layer and a classification module. The text module uses Natural Language Processing to extract semantic 

and sentiment features. The voice module processes acoustic signals to capture pitch, tone, and speech patterns. The 

emotion module identifies affective states from user inputs. These outputs are combined using a feature-level fusion 

technique and passed to a deep learning classifier. The architecture is designed to ensure scalability, real-time 

processing, and robustness in handling diverse input data. 

 

Data Collection and Sampling 

The dataset consists of multimodal inputs collected from publicly available mental health datasets and simulated user 

interactions. The sampling method follows a purposive strategy, selecting data that represents different emotional and 

psychological states such as stress, anxiety, and depression. Text data includes user-generated content, while speech 

data consists of recorded audio samples. Emotion labels are derived using annotation techniques and existing datasets. 

This approach ensures diversity and relevance in the data used for training and evaluation. 

 

Feature Extraction and Processing 

Each modality undergoes a dedicated preprocessing and feature extraction phase. Text data is cleaned, tokenized, and 

converted into vector representations using embedding techniques. Speech signals are processed to extract features such 

as Mel-Frequency Cepstral Coefficients (MFCCs), pitch, and energy levels. Emotion features are derived using 

sentiment analysis and classification models. The extracted features are normalized and aligned to ensure consistency 

across modalities. This step is critical for effective integration in the fusion stage. 

Model Development and Analysis 

 

A fusion-based deep learning model is used to combine multimodal features and perform classification. The system is 

evaluated using standard metrics such as accuracy, precision, recall, and F1- score. The evaluation metrics are defined 

as follows: 
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Accuracy = (TP + TN) / (TP + TN + FP + FN) (1) 

 

Precision = TP / (TP + FP) (2) 

 

Recall = TP / (TP + FN) (3) 

 

F1-score = 2 × (Precision × Recall) / (Precision + Recall)    (4) 

 

The model is implemented using Python-based frameworks and trained using supervised learning techniques. 

Comparative analysis is performed between single-modality and multimodal models to validate performance 

improvements. 

 

Ethical Considerations 

The proposed system ensures ethical compliance by maintaining user privacy and data confidentiality. All data used in 

the study is anonymized, and no personally identifiable information is stored. Informed consent is considered for any 

user- generated input, and secure data handling practices are followed throughout the process. The system is designed 

to support mental health assessment without replacing professional diagnosis, ensuring responsible and ethical 

deployment. 

 

V. RESULTS & DISCUSSION 

 

Results 

The experimental evaluation of the proposed multimodal framework demonstrates clear improvements in early mental 

health disorder detection compared to single-modality systems. The model was tested on text, speech, and emotion 

inputs individually and in combination. The multimodal model achieved the highest performance, with an accuracy of 

92%, precision of 90%, recall of 91%, and F1-score of 90.5%. In comparison, text-only and speech-only models 

showed lower accuracy levels of 84% and 81%, respectively. These results directly support the research objective that 

integrating multiple modalities enhances detection performance. 

 

To provide objective evidence, the results are summarized in the following table: 

 

Discussion 

The results indicate that the proposed multimodal framework significantly improves mental health detection accuracy. 

The hypothesis that combining text, voice, and emotion data leads to better performance is strongly supported. The 

improvement can be attributed to the system’s ability to capture complementary information from different modalities, 

reducing ambiguity present in single- source data. 
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The confusion matrix analysis further indicates that the multimodal model reduces false negatives, which is critical for 

early detection. Additionally, training and validation curves show stable convergence, confirming the robustness of the 

proposed approach. These findings objectively validate the effectiveness of multimodal fusion in capturing complex 

behavioral patterns. 

 

When compared with existing studies, the findings align with prior research that highlights the benefits of multimodal 

learning in mental health analysis [1], [2]. However, unlike earlier approaches that partially integrate modalities, the 

proposed system demonstrates a more cohesive fusion strategy, resulting in higher accuracy and better generalization. 

This confirms that multimodal integration is essential for understanding the complex nature of psychological conditions. 

From a theoretical perspective, this study contributes to the field of affective computing by demonstrating the 

importance of combining heterogeneous data sources. Practically, the system can be applied in telehealth platforms, 

mobile health applications, and continuous monitoring systems, enabling early intervention and improved accessibility 

to mental health services. 

 

 
 

Despite these advantages, certain limitations exist. The system depends on the availability of high- quality multimodal 

data, and performance may vary in noisy or real-world environments. Additionally, computational complexity increases 

with multimodal processing, which may affect scalability in low- resource settings. 

 

Future research can focus on optimizing model efficiency, incorporating additional modalities such as facial 

expressions, and improving real-time deployment capabilities. Further validation on larger and more diverse datasets is 

also necessary. 

 

In summary, the study demonstrates that a well- designed multimodal AI framework provides a more accurate and 

reliable solution for early mental health disorder detection, reinforcing its significance in advancing intelligent 

healthcare systems. 
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VI. CONCLUSION & FUTURE WORK 

 

This study addressed the challenge of early detection of mental health disorders by proposing an AI-driven multimodal 

framework that integrates voice, text, and emotion analysis. The main objective was to overcome the limitations of 

single-modality systems and improve detection accuracy through multimodal fusion. The results demonstrated that the 

proposed approach significantly outperforms individual models, confirming that combining multiple behavioral signals 

leads to more reliable and robust predictions. 

 

The study concludes that multimodal integration is an effective solution for early mental health disorder detection. By 

leveraging complementary information from text, speech, and emotional cues, the system provides a more 

comprehensive understanding of an individual’s psychological state. The research question is therefore answered 

affirmatively: a multimodal AI framework can substantially enhance detection performance compared to traditional 

approaches. 

 

From a theoretical perspective, this work advances the field of affective computing and intelligent healthcare by 

highlighting the importance of cross- modal learning and fusion strategies. It contributes to existing knowledge by 

demonstrating how heterogeneous data sources can be effectively combined for improved decision-making. Practically, 

the proposed system has strong real-world applications in telehealth platforms, mental health monitoring tools, and 

digital wellness systems, enabling continuous, non-invasive, and accessible assessment for early intervention. 

 

Despite its contributions, the study has certain limitations, including dependence on high-quality multimodal data and 

increased computational complexity. Future work should focus on optimizing model efficiency to support real-time 

deployment, integrating additional modalities such as facial expression analysis, and expanding the system to diverse 

and large-scale datasets. Further research can also explore personalized models and adaptive learning techniques to 

enhance user-specific predictions. 

 

In conclusion, this research demonstrates that multimodal AI systems hold significant potential in transforming mental 

health care by enabling early, accurate, and scalable detection, paving the way for more proactive and intelligent 

healthcare solutions. 
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