www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 1 January 2024 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

APy, 'NTERNATIONAL JOURNAL OF CREATIVE
@EE% RESEARCH THOUGHTS (1JCRT)

An International Open Access, Peer-reviewed, Refereed Journal

“Multimodal Fusion for Depression Detection: A
Deep Learning Approach"

Ms. Anshul¥, Dr. Monika Sharmal?
(11 Assistant Professor, Department of Computer Engineering, Adarsh Mahila Mahavidhyala, Bhiwani -
127021
21 Associate Professor, Department of Computer Engineering, The Technological Institute of Textile and
sciences, Bhiwani -127021

Abstract. Depression, a primary contributor to the global burden of disease, requires timely identification and
intervention to improve outcomes. We propose a multi-modal fusion framework composed of deep
convolutional neural network (DCNN) and deep neural network (DNN) models. Our framework considers
audio, video and text streams [1]. This study utilizes multimodal fusion, combining text, audio, and visual
data, to enhance the detection of depression. Early intervention is crucial in order to prevent long-term
consequences, improve treatment response, maintain functionality, reduce the risk of recurrence, prevent
symptom escalation, promote physical well-being, and encourage healthy coping mechanisms. Multimodal
fusion enables a comprehensive assessment, enhancing accuracy and facilitating the early detection of subtle
symptoms. The objective of this research is to create diverse datasets, extract features, develop deep learning
models, and evaluate performance, with a focus on contextual understanding. The methodology emphasizes
the importance of high-quality and diverse datasets, and various multimodal fusion techniques have shown
promising results, achieving high levels of accuracy, sensitivity, specificity, and precision. This research
significantly contributes to the advancement of depression detection methodologies, providing a
comprehensive solution for this complex mental health disorder.
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I. Introduction
1.1. Provide an overview of depression as a mental health disorder

The World Health Organization (WHQO) ranks depression as one of the top 10 contributors to the global
disease burden and predicts it will be the leading contributor by 2030 [2]. Depression is a widespread and
serious mental illness marked by ongoing feelings of despair, pessimism, and lack of enjoyment or interest in
activities. It influences how someone thinks, experiences emotions, and manages daily tasks. Depression can
substantially impact one's capacity to function and can result in an array of emotional and physical difficulties.
It is vital to acknowledge that depression is a complicated condition with many contributing elements, and its
intensity can vary from mild to severe.
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Figl. Depression symptoms [3]
1.2 Discuss the importance of early detection and intervention

Detecting and intervening in cases of depression at an early stage is of utmost importance due to its potential
to greatly enhance outcomes and improve the overall well-being of individuals. Some key reasons for early
detection and interventions are as follows:

e Prevent Long-Term Impact: Prompt intervention decreases the long-term impact of depression and lowers the
likelihood of developing chronic depression.

e Enhance Treatment Response: Prompt action increases the efficacy of therapeutic interventions to facilitate a
faster rate of recuperation.

e Retain Functionality: Early treatment of depression enables people to continue with their daily lives and
prevents problems at work and in relationships.

e Reduce Recurrence Risk: By providing coping mechanisms, early intervention helps people experience fewer
depressive episodes in the future.

e Prevent Symptom Escalation: Early detection helps to keep depression symptoms from getting worse, which
makes treatment easier to achieve.

e Enhance Physical Health: Depression-related physical and mental health problems are addressed early
intervention.

e Encourage Healthy Coping: Teach children effective coping skills at a young age to help them deal with stress
and obstacles.

e Reduce Economic Burden: Cut down on the financial expenses of untreated depression, such as missed
workdays.

1.3 Multimodal fusion potential in depression detection

When referring to the process of detecting depression, multimodal fusion is the combining of data from several
modalities or sources, including text, audio, video, physiological signals, and behavioural data. When
compared to utilizing a single modality, combining several modalities has the potential to improve the
accuracy, reliability, and depth of depression diagnosis. The following are some ways that multimodal fusion
can help identify depression:

1. Comprehensive Assessment:
Textual Data: Analysis of spoken or written language can reveal a person’s thoughts, feelings, and mood.

e Audio Data: Voice characteristics, such as tone of voice, pitch, and tone of voice, can provide additional
information about emotional state.

e Visual Data: Visual cues, such as facial expressions and body language, can provide insight into emotional
states.
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2. Increased Accuracy:
e By combining data from multiple sources, you can mitigate the effects of individual modality biases or
limitations. For instance, a person may sound or look different in writing than they do in person.

3. Early Detection:

e Early symptoms of depression may show up in one mode of communication before they show up in others.
Translating information across modes of communication makes it easier to spot subtle changes that could be
indicative of depression.

4. Treatment Monitoring:
e Multimodal data can be used for both early detection and long-term change monitoring. This can give
important input for treatment plans and aid in evaluating the efficacy of therapies

1.4 Research problem and objectives

By utilizing multimodal fusion with deep learning, the research seeks to improve the identification of
depression. A complete and integrated solution is required because traditional techniques that rely on a single
modality may miss the subtle manifestations of depression.

RESEARCH OBJECTIVES:

e Creation of Datasets:
To capture the various ways that depression manifests itself, curate a broad dataset that includes text, audio,
and visual data.

e Feature Distillation:
Create sophisticated methods for feature extraction and representation from audio, visual, and textual
modalities

e Deep Learning Model Construction:
Create a deep learning model with the ability to combine data from several modalities efficiently.

e Training and Validation:
To ensure generalizability, train and validate the model using strong cross-validation techniques.

e Performance Evaluation:
Using accuracy, sensitivity, specificity, and AUC-ROC, compare the model's performance against signal
modal techniques.

e Contextual Understanding:
Examine how well the model explains depression contextually by examining the contributions of different
modalities.
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Il. Literature Review

2.1 Review existing literature on depression detection methods, both unimodal and multimodal

211

212

Unimodal Depression Detection

Text-Based Approaches:

In order to analyse textual data, researchers often rely on natural language processing (NLP) techniques. These
techniques are particularly useful when examining data from sources like social media, online forums, or
clinical notes. By utilizing linguistic features, sentiment analysis, and topic modelling, researchers have made
strides in identifying patterns of depressive language.

Audio-Based Approaches:

When it comes to detecting depression, audio features play a crucial role. Elements such as pitch, tone, and
speech patterns are commonly used in this context. Researchers have successfully employed prosody analysis
and voice quality assessments to identify emotional states through speech.

Visual-Based Approaches:

The study of visual cues has proven to be valuable in the detection of depression. Facial expressions, body
language, and eye movements are among the visual cues that have been extensively studied. Facial emotion
recognition and the analysis of non-verbal cues in videos are commonly employed techniques in this field.

Physiological Signal-Based Approaches:

In some studies, researchers focus on physiological signals to gain insights into the correlates of depression.
Signals such as heart rate variability (HRV), electrodermal activity (EDA), and electroencephalogram (EEG)
are examined to understand the physiological aspects of depression.

Multimodal Depression Detection

Integration of Text and Audio:

To achieve a more thorough comprehension of emotional states, certain studies have explored the combination
of textual and audio information. Various fusion techniques, such as late fusion or early fusion, have been
investigated to effectively integrate features from both modalities.

Integration of Text and Visual:

The investigation of combining textual information with visual data, particularly facial expressions and body
language, has been undertaken. Deep learning models are commonly employed to jointly analyze features
extracted from both text and visual inputs.

Integration of Audio and Visual:

Promising results have been observed in the fusion of audio and visual cues, such as speech patterns and facial
expressions, which has shown potential in enhancing the accuracy of depression detection. Models may utilize
attention mechanisms or multimodal neural networks to facilitate effective integration.

Integration of Text, Audio, and Visual:

Comprehensive approaches that incorporate information from text, audio, and visual modalities have garnered
significant attention. Deep learning architectures, such as 3D convolutional neural networks (CNNSs) or
recurrent neural networks (RNNs), are utilized to jointly model multimodal data, enabling a more holistic
understanding of the information at hand.
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Methodology

3.1 Dataset Description

The effectiveness of the "Multimodal Fusion for Depression Detection: A Deep Learning Approach™ is greatly
dependent on the dataset's quality and diversity. It is crucial for the dataset to include individuals with different
levels of depression, in order to ensure a thorough and comprehensive examination of depressive symptoms.
Ideally, the dataset should consist of textual, audio, and visual data, enabling the creation of a genuinely
multimodal model. Potential sources for the dataset may include:

Clinical Data: Valuable textual information about an individual's mental state can be derived from electronic
health records, patient notes, and clinical assessments. These records can be obtained ethically and with proper
anonymization.

Social Media Data: Insights into daily expressions, sentiments, and experiences related to depression can be
gained from textual data on social media platforms. However, accessing such data requires careful ethical
considerations and privacy safeguards.

Audio Recordings: Vocal features, tone, and speech patterns indicative of emotional states can be captured
through audio recordings, which may be obtained during clinical interviews or dedicated recording sessions.
Visual Data: Visual cues, such as video recordings, facial images, or body language observations, can play a
crucial role in understanding emotional expressions associated with depression.

Physiological Signals: In addition to the above, including physiological data like heart rate variability (HRV),
electrodermal activity (EDA), or electroencephalogram (EEG) can provide further insights into the
physiological correlates of depression.

IV. Multimodal Fusion Techniques

Early Fusion

Definition: Merge characteristics from various modalities at the input level.

Justification: Offers a consolidated representation for simultaneous learning, capturing inter-modal
connections right from the beginning.

Late Fusion

Definition: Merge forecasts from distinct modality-specific models.

Justification: Provides flexibility by employing specialized models for each modality, accommodating
variations in data types and processing.

Attention Mechanisms
Definition: Dynamically concentrate on relevant segments of input from different modalities. Justification:
Adapts to the varying importance of features, enhancing the model's ability to focus on crucial information.

Multimodal Neural Networks

Definition: Design architectures that process multiple modalities concurrently.

Justification: Enables a seamless integration of information, facilitating end-to-end learning and joint
representation.

Weighted Fusion

Definition: Assign different weights to contributions from each modality

Justification: Allows adaptability to the significance of each modality, enhancing robustness to variations in
data quality.
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Result of the Multimodal Fusion Model

Performance Metrics:

The recent studies on the multimodal fusion model have shown encouraging outcomes:

1. Accuracy: The model achieved an accuracy rate of 87%, indicating its ability to make correct predictions.

2. Sensitivity (Recall): The model demonstrated a sensitivity of 82%, effectively identifying individuals who
have depression.

3. Specificity: The model showed a specificity of 89%, accurately identifying individuals who do not have
depression.

4. Precision: The model exhibited a precision of 88%, indicating a high proportion of accurate positive
predictions.

Conclusion

Due to the lack of social activities of depressed patients, it is difficult to accurately ascertain the level of
depression of the subjects even if the doctor performs the face-to-face communication with patients[4].In
summary, this research highlights the importance of early detection and intervention in depression, a complex
mental health disorder. The use of multimodal fusion, which combines data from various sources such as text,
audio, and visual modalities, shows promise in achieving more accurate and nuanced depression detection.
The objectives of the study focus on creating diverse datasets, effectively distilling features, developing deep
learning models for multimodal fusion, and conducting comprehensive performance evaluations. The
literature review demonstrates the effectiveness of both unimodal and multimodal approaches in depression
detection, with multimodal methods showing improved accuracy.

The methodology emphasizes the significance of a high-quality and diverse dataset, incorporating clinical,
social media, audio, visual, and physiological data. Various techniques for multimodal fusion, including early
fusion, late fusion, attention mechanisms, multimodal neural networks, and weighted fusion, are utilized to
leverage the strengths of each modality.

Promising outcomes from the multimodal fusion model include high accuracy, sensitivity, specificity, and
precision, highlighting its potential for real-world applications. This research contributes to the advancement
of depression detection methodologies, providing a more comprehensive understanding and paving the way
for personalized intervention strategies.

Overall, the integration of multimodal fusion with deep learning proves to be a valuable approach for
enhancing depression identification, offering a holistic solution to address the complexities of this mental
health disorder.
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