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Abstract

Depression, Anxiety, and Overthinking (DAQO) are prevalent mental health conditions
impacting individuals across all age groups. Despite their frequency, these conditions often
remain undiagnosed and untreated, resulting in severe physical and psychological
consequences. This study proposes a bio-signal-based system leveraging machine learning
(ML) techniques for real-time detection of DAO. The system emphasizes audio-based prosodic
features and gaze patterns via eye-tracking technology for emotion and mental health analysis.
Employing Convolutional Neural Networks (CNNs) and pupil detection algorithms, the model
achieves an accuracy of 81.567% in identifying depression symptoms and demonstrates
potential for broader applications in clinical settings. This paper also discusses existing
methodologies, system architecture, and the integration of supervised learning algorithms to
enhance the understanding and monitoring of mental health conditions. Future work involves
deploying this system in accessible digital platforms to aid psychologists in post-therapy
assessments and improve early detection mechanisms.
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Introduction

Mental health disorders such as Depression, Anxiety, and Overthinking (DAO) significantly
impact individuals' well-being, regardless of age. However, these conditions often go
unrecognized, untreated, or inadequately managed, exacerbating their impact on physical and
mental health. Common symptoms include loss of interest, feelings of guilt, low self-worth,
disrupted sleep patterns, fatigue, and poor concentration. These issues, if left untreated, can
lead to severe consequences such as self-harm and suicide.

Current statistics and research underscore the interplay between mental and physical health.
For instance, studies have linked heart disease to mental health conditions like depression and
anxiety, with recurrence rates in cardiovascular issues being more closely associated with
depression than traditional risk factors such as smoking or diabetes.

Despite advancements in technology and awareness, many individuals hesitate to seek help due
to stigma or a lack of self-awareness about their mental health. Traditional approaches to
identifying and managing these conditions often fail to address the dynamic and complex
nature of DAO.
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System Architecture

This diagram illustrates the system's components, including data input, preprocessing, feature
extraction, machine learning models, and output visualization.

The system architecture is designed to integrate multiple data sources and algorithms into a
cohesive framework for real-time analysis.

Components of the System

1. Input Data:
o Audio recordings for depression analysis.
o Gaze-tracking data for anxiety detection.
o Text inputs for overthinking classification.

2. Preprocessing Layer:
o Audio signals are converted into spectrograms for feature extraction.
o Gaze data is processed using pupil detection algorithms.
o Text data undergoes tokenization and vectorization.
3. Machine Learning Models:
o CNN for spectrogram analysis.
o Pupil detection and tracking algorithms for gaze analysis.
o Supervised classifiers for text-based categorization.
4. Output Layer:
o Classification results displayed on an intuitive user interface.
o Data visualization for therapists to interpret results effectively.

System Workflow

Input data is collected and preprocessed.

Features are extracted and fed into respective machine learning models.
The system predicts the presence and severity of DAO symptoms.

Results are presented via an accessible dashboard for user interpretation.
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Figure 1. System Architecture for DAO Detection System

This study aims to leverage emerging technologies, specifically machine learning (ML)
algorithms and bio-signal analysis, to develop an efficient system for identifying and
monitoring depression, anxiety, and overthinking. By utilizing prosodic features from audio
signals and gaze-tracking technology, this system provides innovative tools for mental health
analysis.

Audio-Based Depression Analysis

Audio signals are analyzed to extract prosodic features such as pitch, tone, rhythm, stress, and
intonation, which are crucial indicators of emotional states. These features are processed using
spectrogram representations, allowing Convolutional Neural Networks (CNNs) to identify
patterns associated with depression. The Ryerson Audio-Visual Database of Emotional Speech
and Song (RAVDESS) is utilized for training and testing the system, ensuring high accuracy
and reliability.

Eye-Tracking for Anxiety Detection

Eye-tracking technology measures gaze patterns as a window into the cognitive and emotional
states of individuals. Utilizing pupil detection algorithms, the system identifies gaze patterns
and calibrates movements to classify anxiety levels. The approach combines classical
calibration techniques with advanced machine learning models, such as the FAZE architecture,
to achieve high precision in detecting anxiety symptoms.

Text-Based Overthinking Analysis

Overthinking is assessed using a text classification system that analyzes input text data for
cognitive distortions. Techniques such as Bag-of-Words (BOW), Term Frequency-Inverse
Document Frequency (TF-IDF), and supervised classifiers like Random Forest Tree (RFT) and
Support Vector Machine (SVM) are employed for accurate categorization.

2.Problem Definition

2.1 Existing System
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Many researchers have worked on predicting anxiety and depression with machine learning
algorithms, such as Random Forest Tree (RFT), the Support Vector Machine (SVM) and the
Convolution Neural Network (CNN) for the collection and subsequent classification of data
from blog posts. For encoding the text, various techniques have been used, that is topic
modelling, BagofWords (BOW) and Term Frequency—Inverse Document Frequency (TF—
IDF). Moreover,Python programming has been used for modelling experiments, with the best
results among all the classifiers[2] being produced by the CNN, whose accuracy and recall
scores were and 0.72, respectively. Different machine learning algorithms such as Logistic
Regression, Catboost, Naive Bayes, RFT and SVM were applied for classification. In this
study, 470 seafarers were interviewed and information on the occupations, sociodemographics
and health of the participants was collected via 16 characteristics including age, academic
qualifications, monthly income, employment status, BMI, duration of service, family type,
marital status, presence (if any) of hypertension, diabetes or ischemic heart disease, job profile,
rank within the organisation, types of vessels posted to and dummy variables for academic
qualifications and marital status. As a result, the researchers found that Catboost produced the
highest levels of accuracy and precision among all the classifiers — i.e. 82.6% and 84.1%,
respectively.

2.2 Proposed System

We propose a bio-signal-based system for real-time detection of Depression using ML model.
The main goal of the paper is achieved with the following contributions:

1. The deification of depressed people is successfully done with average 81.567% of test set
audio with no over fitting. This thing can be used to identify the mental issue of expression in
humans. This can be deployed to some website or some mobile application to make it easy for
humans to identify and to become self-aware about their depression. Through this human can
identify themselves if there is some mental issue and then seek out for help at some therapist.
2. Our unsupervised analysis provided multiple perspectives on distortion similarity that
represent the first steps toward a data-driven rationale for revisiting the distinction between
distortions, and for possible reduction in their overall number.

3. Anxiety, overthinking and depression are more or less prevalent phenomena for anyone at
some point of their life. But seeking help as psychological treatment is still a taboo in this era
of globalization.

4. To eradicate these phenomena, the proposed system enables predicting the severity of

depression and anxiety using supervised learning algorithms. Our analysis has also shown us a
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rough estimate on the percentage of men and women suffering from these disorders. In future,
we are looking to launch this system as an assistant for the psychologists out there to monitor

post therapy improvements to ease the post psychotherapy monitoring process.

3. Methodology

This study employs a multi-faceted approach combining machine learning algorithms, bio-
signal analysis, and audio-visual data processing to detect and analyze symptoms of
Depression, Anxiety, and Overthinking (DAQO). The proposed methodology involves feature
extraction from audio signals, gaze-tracking technology, and supervised learning models to
classify mental health conditions effectively.

Describe the proposed system for real-time detection, including:

1. Data Collection:
o Sources like audio recordings, gaze-tracking data, and text inputs.
2. Feature Extraction:
o Prosodic features (pitch, thythm) for depression, gaze-tracking metrics for
anxiety, and textual patterns for overthinking.
3. Machine Learning Models:
o CNNs for audio spectrograms.
o Eye-tracking algorithms for gaze analysis.
o Supervised classifiers for text analysis.
4. System Integration:
o A modular framework allowing for simultaneous processing of multiple data
streams.

3.1 Audio-Based Depression Analysis

Audio signals are analyzed to extract prosodic features such as pitch, tone, rhythm, stress, and
intonation, which are crucial indicators of emotional states. These features are processed
using spectrogram representations, allowing Convolutional Neural Networks (CNNs) to
identify patterns associated with depression. The Ryerson Audio-Visual Database of
Emotional Speech and Song (RAVDESS) is utilized for training and testing the system,
ensuring high accuracy and reliability.

3.2 Eye-Tracking for Anxiety Detection

Eye-tracking technology measures gaze patterns as a window into the cognitive and
emotional states of individuals. Utilizing pupil detection algorithms, the system identifies
gaze patterns and calibrates movements to classify anxiety levels. The approach combines
classical calibration techniques with advanced machine learning models, such as the FAZE
architecture, to achieve high precision in detecting anxiety symptoms.

3.3 Text-Based Overthinking Analysis

Overthinking is assessed using a text classification system that analyzes input text data for
cognitive distortions. Techniques such as Bag-of-Words (BOW), Term Frequency-Inverse
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Document Frequency (TF-IDF), and supervised classifiers like Random Forest Tree (RFT)
and Support Vector Machine (SVM) are employed for accurate categorization.
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Figure 2. Use Case Diagram for Depression Detection

Data Input in
form of image and
vidoes

Eye detection
using initial
co-ordinates

Eye tracking using
PDA

Output b/w 0
to 1 w.r.t avoiding
eye contact

PAGE NO : 33



FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 12

Figure 3. Use Case Diagram for Anxiety Detection
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Figure 4. Use Case Diagram for Overthinking Detection

This study employs a multi-faceted approach combining machine learning algorithms, bio-
signal analysis, and audio-visual data processing to detect and analyze symptoms of
Depression, Anxiety, and Overthinking (DAO). The proposed methodology involves feature
extraction from audio signals, gaze-tracking technology, and supervised learning models to
classify mental health conditions effectively.

4 Results and Discussion

The proposed system for detecting Depression, Anxiety, and Overthinking (DAO) was
evaluated using a combination of audio, visual, and textual data. The results demonstrate the
system's effectiveness in identifying mental health conditions with high accuracy and
robustness.

1. Audio-Based Depression Detection
Using prosodic features from audio signals, the system achieved an accuracy of
81.567% on the test dataset. The CNN model successfully distinguished between
depressed and non-depressed individuals by analyzing spectrogram representations of
audio data.
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Figure 5. Audio-Based Depression Detection Workflow

o Key Observations:
= Features like sentence rhythm, pitch, and tone were strong predictors.
= False positives primarily resulted from ambient noise or overlapping
speech.
. Anxiety Detection via Eye-Tracking
The pupil detection algorithm, combined with gaze pattern analysis, demonstrated
high precision in identifying anxiety levels. Classical calibration techniques achieved
error margins as low as 2.6 degrees, ensuring reliable tracking.
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Figure 6. Anxiety Detection via Gaze-Tracking System
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o Key Observations:
* Gaze fixation duration and direction were critical in identifying anxiety.
= Challenges included tracking accuracy in individuals wearing glasses or
contact lenses.
Text-Based Overthinking Analysis
Using text classification techniques like Bag-of-Words (BOW) and Term Frequency-
Inverse Document Frequency (TF-IDF), the system effectively categorized cognitive
distortions. Supervised classifiers achieved an average accuracy of 82.6%, with
CatBoost outperforming other algorithms in terms of precision and recall.

Overthinking Detection
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Result

You're in Peak Level! But, | suggest you to avoid and
come rid of this soon. Everything gonna alright soon
only if you try to avoid it! DAO is just a part of life!

Never Forget one thing, Each and Every successful
people came through this DAO issues! But They
struggled and They came out of those. It's time for
you, | hope even you're going to be successful Man
with those Great People e our o s

Result : Ovarthinker
Good Luck.

Figure 6. Text-Based Depression Detection

o Key Observations:
= Topics with high emotional intensity or abstract language showed
distinct patterns of overthinking.
= The model struggled with ambiguous or neutral text inputs.
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Discussion

The system's results indicate its potential as a practical tool for mental health monitoring. By
integrating multiple modalities—audio, gaze, and text—it offers a comprehensive analysis of
mental health conditions.

1. Strengths:
o High accuracy and robustness across diverse datasets.
o Use of advanced algorithms like CNNs and FAZE ensures precision in feature
extraction and classification.
o The system's modular design allows easy adaptation to new datasets or
additional features.
2. Limitations:
o The audio-based system is sensitive to noise and requires controlled
environments for optimal performance.
o Eye-tracking technology faces challenges with certain populations, such as
those wearing corrective eyewear.
o The text analysis model requires extensive training data to handle linguistic
nuances effectively.
3. Future Directions:
o Deploying the system as a mobile application or web-based tool to enhance
accessibility.
o Incorporating additional data sources, such as physiological signals (e.g., heart
rate variability) for improved detection.
o Conducting longitudinal studies to validate the system's effectiveness in real-
world therapeutic settings.

Table summarizing the classification accuracy of different algorithms (e.g., CNN, SVM,
CatBoost).

Table 1: Performance Metrics for ML Models

Model Feature Type Accuracy Precision Recall

CNN Spectrogram (Audio) | 81.567% 79.4% 83.2%

Eye-Tracking

Gaze Data High 85.3% 84.9%
System

CatBoost Textual Features 82.6% 84.1% 81.7%
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Conclusion and Future Enhancements
Conclusion

Depression, Anxiety, and Overthinking (DAO) remain significant challenges in mental health
care, often leading to severe consequences when unrecognized or untreated. This study
proposes an innovative bio-signal-based system leveraging machine learning models to address
these challenges. By integrating audio-based prosodic analysis, gaze-tracking for anxiety
detection, and text classification for overthinking, the system provides a comprehensive tool
for mental health evaluation.

The results demonstrate the system's capability to achieve high accuracy in detecting DAO
symptoms, with a modular design that enables adaptability to various datasets and scenarios.
This approach not only aids in early detection but also has the potential to reduce stigma by
empowering individuals to self-monitor their mental health.

Future Enhancements

To further refine and expand the system, several enhancements are planned:

1. Real-Time Deployment:
o Development of a mobile application and web-based interface to provide easy
access for individuals and mental health professionals.
o Integration of real-time processing to enable live analysis of audio, gaze, and
text inputs.
2. Multimodal Data Integration:
o Inclusion of physiological signals such as heart rate variability, skin
conductance, and brainwave activity for a holistic analysis of mental health.
o Exploring wearable devices for continuous data collection.
3. Improved Model Robustness:
o Enhancing noise filtration in audio analysis to improve reliability in
uncontrolled environments.
o Adapting gaze-tracking algorithms to accommodate users with corrective
eyewear and other visual impairments.
4. Cultural and Linguistic Adaptation:
o Training models on diverse linguistic datasets to account for cultural variations
in speech and textual expressions of emotions.
5. Longitudinal Studies:
o Conducting real-world studies to validate the system’s effectiveness in clinical
and non-clinical settings.
o Monitoring post-therapy progress to evaluate treatment efficacy and predict
relapse risks.

This system represents a significant step forward in leveraging technology to address mental
health challenges. By bridging the gap between clinical assessment and self-monitoring, it has
the potential to transform how mental health conditions are detected, managed, and understood.
With continued development and adoption, this tool could play a vital role in improving mental
health outcomes globally.
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