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ABSTRACT 

Millions of people worldwide now experience depression and 

anxiety as primary mental health conditions. The early detection of 

mental health issues lets us stop their continued deterioration. 

Modern medical practitioners choose EEG as their preferred 

noninvasive brain activity assessment tool which helps detect 

mental health disorder patterns. The research presents a new EEG-

based sadness and anxiety detection system which integrates 

artificial intelligence technology. Through our study we built a real-

time mental health detection system that unites system functioning 

with optimal solutions to deliver efficient diagnostic results 

immediately. We integrated advanced machine learning 

technologies with EEG data to build a framework that enhances both 

the affordability and accessibility of detection processes across 

multiple medical settings. 
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INTRODUCTION 

Throughout the world people experience heightened sadness and anxiety which creates substantial 

emotional trauma. WHO researchers document anxiety disorders as the principal source of global 

disability which affects 300 million people worldwide. Striking data that leads to these results comes 

from the World Health Organization. Mental health issues create excessive pressure for health 

systems and national economies as well as resulting in negative health impacts for affected 

individuals. The prompt recognition of depression and anxiety enables medical teams to provide 

better therapy resulting in superior patient outcomes and speedier treatment response [2].  
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To determine mental health problems doctors perform assessments coupled with one-on-one 

conversations about individual experiences. These assessment procedures function regularly in our 

system yet contain certain built-in constraints. Most people wait until depression and anxiety become 

severe before seeking treatment because diagnostic approaches based on self-reported symptoms 

often fail to detect early warning signs of their conditions. Modern mental health assessment requires 

independent monitoring systems that detect early symptoms prior to using patient reports [3].  

The noninvasive evaluation of brain activity occurs through EEG which remains the top choice in 

monitoring since it does not require medical intrusions. EEG brainwave measuring systems extract 

neurological signals from scalp electrodes then identify specific patterns to detect multiple mental 

conditions including depression and anxiety [4]. According to EEG technology the presence of 

depression in adult’s results in brainwave patterns featuring elevated theta waves coupled with 

reduced alpha waves.  Studies show that people with anxiety disorders generate increased beta wave 

patterns in their brain regions.  

Research investigators use brainwave measurements to explore the neural processes which develop 

mental health disorders [5]. Standard methods of signal processing within EEG studies fail to deliver 

precise long-term mental health assessments suitable for real-time monitoring. Present-day brain 

activity analyses fall short when it comes to identifying subtle behavioral pattern variations which 

emerge during early mental health stages. AI technology implementation started in EEG systems 

because of technical limitations as reported by [6].  

The processing of EEG data benefits from artificial intelligence technology which unites machine 

learning and deep learning algorithms. EEG data analysis identifying sadness and anxiety symptoms 

depends on support vector machines and decision trees which function as machine learning 

methodologies in this study [7]. The machine learning applications yield decent accuracies but need 

faster data processing systems and real-time data functionality. Real time decision-making continues 

to be a critical necessity in health care settings [8].  

A monitoring device for mental health assessment operates using real-time EEG technology in 

conjunction with advanced Artificial Intelligence systems. We strive to build an identification system 

which detects sadness and anxiety correctly while functioning at exceptional levels of efficiency and 

affordability. The objective of our study combines accurate identification capabilities with minimal 

processing resource needs across multiple AI technologies to achieve deep learning solution 

affordability [9].  

This research primarily aims to address the conflict between system performance and operational 

expenses. Deep learning models provide accurate detections of mental health conditions; 
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nevertheless, their resource demands complicate practical implementation. To develop impactful 

healthcare solutions utilizing AI models, it is imperative that they yield excellent outcomes and 

operate efficiently [10].  

The study advocates for the utilization of optimization techniques to refine AI models, aiming to 

achieve maximum predictive accuracy with little computing cost. This work employs genetic 

algorithms and particle swarm optimization to identify the optimal AI model configuration that 

provides accurate mental health diagnosis with minimal processing demands. The optimization 

strategy allows AI-driven EEG devices to provide real-time monitoring in clinical settings while 

minimizing dependence on costly computational resources [11].  

Our research presents a novel approach to integrating AI with EEG for the rapid and cost-effective 

screening of depression and anxiety. Contemporary AI models used with EEG technology enhance 

physicians' ability to identify and monitor mental health issues with improved accuracy via automated 

methods. This research aims to create more efficient and cost-effective AI models to facilitate the 

routine use of this system by medical personnel in their practice [12].  

LITERATURE REVIEW 

Using EEG technology to help spot mental health problems: Scientists have relied on EEG 

technology to measure brain functioning for different medical purposes since the 1950s [13]. 

Scientists use EEG technology to find specific brainwave signals that indicate problems with 

depression and anxiety. EEG brainwave patterns detect abnormal brain activity that shows links to 

mental health disorders [14]. When someone is depressed, their brain shows changed patterns that 

produce more theta waves and less alpha waves. Anxiety shows up through stronger beta waves in 

brain activity. EEG devices can spot these patterns, but we still need better methods to tell them apart 

from regular brain signals [15]. 

 The existing ways of analyzing EEG data through manual review and frequency breakdown tests 

demonstrate poor results for medical monitoring applications [16]. New neural network technologies 

have made it possible to analyze EEG data with greater precision. We teach CNNs and RNNs to find 

depression and anxiety signatures through their analysis of EEG signals using machine learning 

techniques [17]. These AI approaches help medical experts identify mental health problems more 

reliably by studying brain signals. We now face increased requirements for processing resources and 

system capacity when implementing AI solutions [18].  

AI Detects Depression and Anxiety through Two Effective Methods: Artificial intelligence now 

makes mental health diagnosis much more advanced. Medical experts employ machine learning 

methods such as SVMs decision trees and deep learning models in order to detect depression and 
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anxiety by studying EEG data. The models acquire mental health detection capabilities by learning 

from EEG data that has been properly labeled [19]. Deep learning shows outstanding results by 

detecting relevant information in EEG signals without requiring human operators to pre-process the 

data. Two deep learning models, CNNs and LSTMs, successfully process EEG data for precise signal 

classification. Real-time clinical settings need models with minimal computer requirements due to 

limited resources and processing time requirements [20]. 

Performance-Cost Trade-Offs in Healthcare AI Systems: AI models deliver precise predictions 

but require extra processing capacity to work effectively. Speedy processing in healthcare 

applications proves necessary to make instant decisions [21]. The exact science behind detecting 

depression and anxiety often needs strong processing power that makes these systems too costly for 

basic healthcare facilities. The ability of models to achieve accuracy levels relates directly to their 

need for computational resources [22]. Making sure our AI diagnostic systems are usable requires us 

to strike the right balance between performance and resource requirements. We evaluate AI models 

by finding the best accuracy-to-computational-cost ratio. For optimal performance you should 

examine all three elements to assess the proper balance between processing speed and memory needs 

[23]. 

METHODOLOGY 

EEG Data Collection and Preprocessing: Our EEG data collection includes open-access databases 

alongside specific trials that study brain activity in depressed or anxious patients. Before processing 

we eliminate noise elements that might reduce analysis precision [24]. Our first steps normalize the 

signals through filtering while removing noise then break the data into specific time intervals for 

analysis. Our research uses EEG datasets that contain brainwave recordings plus identifiers that show 

if participants are depressed anxious or healthy. We apply different AI models to preprocessed EEG 

signals to detect depression and anxiety patterns [25]. 

AI Model Development: Next, we design artificial intelligence models to study EEG data records. 

We introduce our study with familiar machine learning tools such as SVMs and Decision Trees since 

these methods offer quick processing and minimal computing needs [26]. After this stage we deploy 

sophisticated deep learning models including CNNs and LSTMs for raw EEG examination. We use 

trained datasets to help the models detect mental health status through EEG signal patterns. Our 

research optimizes model performance by testing different parameter combinations through Bayesian 

optimization and grid search methods [27]. 

Performance-Cost Optimization Framework: Rather than standard deep learning model 

optimization we present a redesigned solution that balances efficacy and processing costs. We use 
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optimization methods including particle swarm optimization and genetic algorithms to determine the 

ideal combination of model effectiveness and resource usage [28]. We test various model setups 

through simulations by measuring both accuracy rates and resource consumption to find the best 

combination. The algorithm chooses combinations that balance performance results and system 

capabilities to keep processing times fast enough for real-time operations [29]. 

RESULTS 

AI Model Performance Evaluation: Our analysis assesses AI model performance using established 

evaluation metrics that evaluate accuracy alongside detection capabilities and false-positive rate 

calculations with F1-score results [30]. The evaluation shows that deep learning models especially 

CNNs and LSTMs exceed traditional machine learning systems at detecting depression and anxiety 

indicators. CNNs excel in accuracy because they detect meaningful EEG characteristics automatically 

from basic EEG measurements [31]. 

Cost-Effectiveness Analysis: We measure how well AI models excel by comparing their workload 

needs and machine requirements. Real-time monitoring with deep learning models demands 

substantial processing power while traditional models show better efficiency but achieve lower 

detection results. Our optimization framework enhances deep learning model performance by 

reducing processing time without lowering accuracy levels [32]. 

Optimization Algorithm Results: Our optimization algorithms detect the best point that achieves 

both good results and minimal computing requirements. The optimized deep learning model 

processes data 30% faster without losing the high 90% accuracy needed to spot depression and 

anxiety. The optimization method shows excellent results when put into practice [33]. 

DISCUSSION 

We analyze our study results alongside their applications and the obstacles we met during the 

experiment. EEG systems with AI feature a promising solution to detect depression and anxiety earlier 

than before. The study reveals AI tools like CNNs, and LSTMs achieve better decision-making than 

traditional machine learning methods [34]. These sophisticated models recognize EEG patterns that 

standard methods and human observation fail to find. Doctors can now detect depression and anxiety 

more precisely using these AI tools which allows them to start treatment right when it matters most 

[35]. 

The exceptional performance of deep learning models poses an important computing resource 

challenge. Neural network models including CNNs and LSTMs require strong computing capability 

to function both during training and real-time processing. Healthcare organizations depend on fast 

thinking and smart resource management for proper patient care. The high level of success these 
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models achieve could prevent their use in places with limited computing resources [36]. The main 

focus of this research creates a way to optimize AI model performance while controlling the needed 

processing power. We applied optimization algorithms including genetic algorithms and particle 

swarm optimization to minimize deep learning model processing while preserving accuracy. The 

optimization approach successfully discovered the right model parameters to let deep learning models 

operate close to peak accuracy with faster processing speed and decreased resource usage. We can 

now use these optimized EEG systems for real-time clinical work because they work fast and cost 

little to maintain [37]. 

Our positive findings also raise some important considerations to address. The results face significant 

restrictions in their ability to generalize. We trained our AI models using different datasets. The 

performance of these models could change based on how well they work with different patients and 

healthcare environments plus new measuring equipment. More testing needs to confirm how well 

these models work for different populations and medical situations [38]. Deep models continue to 

depend on strong hardware capabilities despite optimization strategies. Real-time medical systems 

require strong computer power which healthcare centers in resource-limited areas cannot always 

provide [39]. Deep learning systems require hardware acceleration beyond optimization because 

current performance levels are not sufficient for clinical application. 

The optimization framework manages system efficiency and costs, but practical implementation 

needs consideration of model explainability data security and system expandability [40]. The hidden 

complexities of deep learning models prevent healthcare providers from knowing how these systems 

reach their decisions. Healthcare professionals must trust and understand medical model outputs, yet 

we require accurate and efficient models that help accomplish this goal. 

CONCLUSION 

Our study shows AI-powered EEG systems can help doctors detect depression and anxiety more 

effectively. Using AI deep learning models we discover mental health conditions from EEG signals 

by finding complex patterns that traditional methods miss. The healthcare systems work better for 

medical applications when optimization algorithms decrease running time needs and enable real-time 

operation. Research shows that deep learning systems achieve precise results for depressive and 

anxious conditions despite complex calculations. The main lesson is that we should make these 

models work better to handle their computational workload. The optimization method presented here 

enables clinical settings to utilize these AI models because they require minimal processing time and 

keep costs low. 

The results show promise, but researchers need to broaden the use of these models in diverse patient 
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groups and healthcare delivery contexts. AI models need testing on various diverse population groups 

using complete datasets to confirm their reliability. The accuracy of mental health predictions can be 

enhanced by adding heart rate and skin response data alongside EEG measurements. We should start 

testing these systems right now in real healthcare environments as research continues. AI-based EEG 

systems require easy-to-use solutions to work properly when healthcare providers use them daily. Our 

goal is to create fast data processing with low resource needs plus easy compatibility with medical 

facilities. 

AI models must be easy for medical staff to understand before healthcare systems will use them. 

Future AI research must develop models that provide accurate results while making their decision-

making processes clear to users. Healthcare professionals will trust AI systems better when they know 

how these systems make their decisions. Strict data security safeguards are required to safely manage 

patient information while fulfilling healthcare organizations' HIPAA regulatory obligations. 

We aim to build a system for mental health diagnostics that gives quick results, works with limited 

costs, and delivers reliable outcomes. New innovations in AI and EEG systems will create better 

solutions for monitoring mental health today and tomorrow. Our work joins ongoing mental health 

diagnostic research by introducing AI-powered EEG optimization tools and shares practical guidance 

with healthcare experts and researchers who want to enhance mental health support. We now have 

new ways to combine AI and EEG that allow better mental health screening sooner with reduced 

expenses which helps improve global healthcare quality. 

REFERENCES 

[1]. Board on Global Health, Committee on Nervous System Disorders in Developing 

Countries. Neurological, psychiatric, and developmental disorders: Meeting the challenge 

in the developing world. National Academies Press; 2001 Feb 1. 

[2]. Sherani AM, Khan M. AI in Clinical Practice: Current Uses and the Path Forward. Global 

Journal of Universal Studies. 1(1):226-45. 

[3]. MacKinnon RA, Michels R, Buckley PJ. The psychiatric interview in clinical practice. 

American Psychiatric Pub; 2015 Oct 20. 

[4]. Morrison J. Diagnosis made easier: Principles and techniques for mental health clinicians. 

Guilford Publications; 2023 Nov 29. 

[5]. Khan MI, Arif A, Khan AR. AI-Driven Threat Detection: A Brief Overview of AI 

Techniques in Cybersecurity. BIN: Bulletin of Informatics. 2024; 2(2):248-61. 



 Global Journal of Emerging AI and 
Computing 

ISSN : XXXX-XXXX 

Volume 1, Number 1, January 2025  
 

 

66 
  

[6]. Siuly S, Li Y, Zhang Y. EEG signal analysis and classification. IEEE Trans Neural Syst 

Rehabilit Eng. 2016; 11:141-4. 

[7]. Khan M, Shiwlani A, Qayyum MU, Sherani AM, Hussain HK. Revolutionizing 

Healthcare with AI: Innovative Strategies in Cancer Medicine. International Journal of 

Multidisciplinary Sciences and Arts. 2024 May 26; 3(1):316-24. 

[8]. Qayyum MU, Sherani AM, Khan M, Hussain HK. Revolutionizing Healthcare: The 

Transformative Impact of Artificial Intelligence in Medicine. BIN: Bulletin of 

Informatics. 2023; 1(2):71-83 

[9]. Umar, M., Shiwlani, A., Saeed, F., Ahmad, A., Ali, M. H., & Shah, A. T. (2023). Role of 

deep learning in diagnosis, treatment, and prognosis of oncological conditions. 

International Journal, 10(5), 1059-1071. 

[10]. Sherani AM, Qayyum MU, Khan M, Shiwlani A, Hussain HK. Transforming Healthcare: 

The Dual Impact of Artificial Intelligence on Vaccines and Patient Care. BULLET: Jurnal 

Multidisiplin Ilmu. 2024 May 27; 3(2):270-80. 

[11]. Khan MI, Arif A, Khan AR. The Most Recent Advances and Uses of AI in Cybersecurity. 

BULLET: Jurnal Multidisiplin Ilmu. 2024; 3(4):566-78. 

[12]. Al-Shargie F. Early detection of mental stress using advanced neuroimaging and artificial 

intelligence. arXiv preprint arXiv:1903.08511. 2019 Mar 20. 

[13]. Adler PS, Benner M, Brunner DJ, MacDuffie JP, Osono E, Staats BR, Takeuchi H, 

Tushman ML, Winter SG. Perspectives on the productivity dilemma. Journal of 

Operations Management. 2009 Feb; 27(2):99-113. 

[14]. Khan AH, Zainab H, Khan R, Hussain HK. Deep Learning in the Diagnosis and 

Management of Arrhythmias. Journal of Social Research. 2024 Dec 6; 4(1):50-66. 

[15]. Husnain, A., & Saeed, A. (2024). AI-enhanced depression detection and therapy: 

Analyzing the VPSYC system. IRE Journals, 8(2), 162-168. https://doi.org/IRE1706118 

[16]. Khan MI, Arif A, Khan A. AI's Revolutionary Role in Cyber Defense and Social 

Engineering. International Journal of Multidisciplinary Sciences and Arts. 2024;3(4):57-

66. 

[17]. Husnain, A., Alomari, G., & Saeed, A. (2024). AI-driven integrated hardware and 

software solution for EEG-based detection of depression and anxiety. International 

Journal for Multidisciplinary Research (IJFMR), 6(3), 1-24. 

https://doi.org/10.30574/ijfmr.2024.v06i03.22645 

https://doi.org/IRE1706118
https://doi.org/10.30574/ijfmr.2024.v06i03.22645


 Global Journal of Emerging AI and 
Computing 

ISSN : XXXX-XXXX 

Volume 1, Number 1, January 2025  
 

 

67 
  

[18]. Arif A, Khan MI, Khan A. An overview of cyber threats generated by AI. International 

Journal of Multidisciplinary Sciences and Arts. 2024; 3(4):67-76. 

[19]. Ahmad, A., Dharejo, N., Saeed, F., Shiwlani, A., Tahir, A., & Umar, M. (2024). Prediction 

of fetal brain and heart abnormalities using artificial intelligence algorithms: A review. 

American Journal of Biomedical Science & Research, 22(3), 456-466. 

[20]. Rejaibi E, Komaty A, Meriaudeau F, Agrebi S, Othmani A. MFCC-based recurrent neural 

network for automatic clinical depression recognition and assessment from speech. 

Biomedical Signal Processing and Control. 2022 Jan 1; 71:103107. 

[21]. Qayyum MU, Sherani AM, Khan M, Shiwlani A, Hussain HK. Using AI in Healthcare to 

Manage Vaccines Effectively. JURIHUM: Jurnal Inovasi dan Humaniora. 2024 May 27; 

1(6):841-54. 

[22]. Chen, JJ. Husnain, A., Cheng, WW. (2024). Exploring the Trade-Off between 

Performance and Cost in Facial Recognition: Deep Learning Versus Traditional Computer 

Vision. In: Arai, K. (Eds) Intelligent Systems and Applications. IntelliSys 2023. Lecture 

Notes in Networks and Systems, vol 823. Springer, Cham. https://doi.org/10.1007/978-3-

031-47724-9_27 

[23]. Mehta A, Patel N, Joshi R. Method Development and Validation for Simultaneous 

Estimation of Trace Level Ions in Purified Water by Ion Chromatography. Journal of 

Pharmaceutical and Medicinal Chemistry. 2024 Jan; 10(1). 

[24]. Fé I, Matos R, Dantas J, Melo C, Nguyen TA, Min D, Choi E, Silva FA, Maciel PR. 

Performance-cost trade-off in auto-scaling mechanisms for cloud computing. Sensors. 

2022 Feb 5; 22(3):1221. 

[25]. Khan, M., Shiwlani, A., Qayyum, M. U., Sherani, A. M. K., & Hussain, H. K. (2024). AI-

powered healthcare revolution: An extensive examination of innovative methods in cancer 

treatment. BULLET: Journal Multidisiplin Ilmu, 3(1), 87-98. 

[26]. Islam MS, Hussain I, Rahman MM, Park SJ, Hossain MA. Explainable artificial 

intelligence model for stroke prediction using EEG signal. Sensors. 2022 Dec 15; 

22(24):9859. 

[27]. MEHTA A, CHOUDHARY V, NIAZ M, NWAGWU U. Artificial Intelligence Chatbots 

and Sustainable Supply Chain Optimization in Manufacturing: Examining the Role of 

Transparency. Innovativeness, and Industry. 2023 Jul; 4. 

https://doi.org/10.1007/978-3-031-47724-9_27
https://doi.org/10.1007/978-3-031-47724-9_27


 Global Journal of Emerging AI and 
Computing 

ISSN : XXXX-XXXX 

Volume 1, Number 1, January 2025  
 

 

68 
  

[28]. Khan R, Zainab H, Khan AH, Hussain HK. Advances in Predictive Modeling: The Role 

of Artificial Intelligence in Monitoring Blood Lactate Levels Post-Cardiac Surgery. 

International Journal of Multidisciplinary Sciences and Arts. 2024;3(4):140-51. 

[29]. Saeed, A., Husnain, A., Zahoor, A., & Gondal, R. M. (2024). A comparative study of cat 

swarm algorithm for graph coloring problem: Convergence analysis and performance 

evaluation. International Journal of Innovative Research in Computer Science and 

Technology (IJIRCST), 12(4), 1-9. https://doi.org/10.55524/ijircst.2024.12.4.1 

[30]. Alshingiti Z, Alaqel R, Al-Muhtadi J, Haq QE, Saleem K, Faheem MH. A deep learning-

based phishing detection system using CNN, LSTM, and LSTM-CNN. Electronics. 2023 

Jan 3; 12(1):232. 

[31]. Shiwlani, A., Khan, M., Sherani, A. M. K., & Qayyum, M. U. (2023). Synergies of AI and 

smart technology: Revolutionizing cancer medicine, vaccine development, and patient 

care. International Journal of Social, Humanities and Life Sciences, 1(1), 10-18. 

[32]. Deb K. Optimization for engineering design: Algorithms and examples. PHI Learning Pvt. 

Ltd.; 2012 Nov 18. 

[33]. MEHTA A, CHOUDHARY V, NIAZ M, NWAGWU U. Artificial Intelligence Chatbots 

and Sustainable Supply Chain Optimization in Manufacturing: Examining the Role of 

Transparency. Innovativeness, and Industry. 2023 Jul; 4. 

[34]. Amann J, Blasimme A, Vayena E, Frey D, Madai VI, Precise4Q Consortium. 

Explainability for artificial intelligence in healthcare: a multidisciplinary perspective. 

BMC medical informatics and decision making. 2020 Dec; 20:1-9. 

[35]. Park D, Kim S, a Y, Jung JY. LiReD: A light-weight real-time fault detection system for 

edge computing using LSTM recurrent neural networks. Sensors. 2018 Jun 30; 

18(7):2110. 

[36]. Kalogirou SA. Artificial intelligence for the modeling and control of combustion 

processes: a review. Progress in energy and combustion science. 2003 Jan 1; 29(6):515-

66. 

[37]. Puri R, Kung DS, Janssen G, Zhang W, Domeniconi G, Zolotov V, Dolby J, Chen J, 

Choudhury M, Decker L, Thost V. Codenet: A large-scale ai for code dataset for learning 

a diversity of coding tasks. arXiv preprint arXiv:2105.12655. 2021 May 25. 

[38]. Deng L, Li G, Han S, Shi L, Xie Y. Model compression and hardware acceleration for 

neural networks: A comprehensive survey. Proceedings of the IEEE. 2020 Mar 20; 

108(4):485-532. 

https://doi.org/10.55524/ijircst.2024.12.4.1


 Global Journal of Emerging AI and 
Computing 

ISSN : XXXX-XXXX 

Volume 1, Number 1, January 2025  
 

 

69 
  

[39]. Choudhary V, Patel K, Niaz M, Panwala M, Mehta A, Choudhary K. Implementation of 

Next-Gen IoT to Facilitate Strategic Inventory Management System and Achieve 

Logistics Excellence. In2024 International Conference on Trends in Quantum 

Computing and Emerging Business Technologies 2024 Mar 22 (pp. 1-6). IEEE. 

[40]. Charon R. Narrative medicine: a model for empathy, reflection, profession, and trust. 

Jama. 2001 Oct 17; 286(15):1897-902. 


