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ABSTRACT

Mental health disorders pose a serious global challenge due to their complex nature and reliance on subjective
diagnostictechnique. This review presents a comprehensive analysis of how Electroencephalography
(EEG)combinedwithdeeplearningtechniques can enhance the accuracy and objectivity of mental health
diagnosis. EEG is a non-invasive, low-cost technique that records electrical activity of the brain with high
temporal resolution, making it suitable for detecting subtle neural abnormalities. Deep learning models
automatically learn temporal, spatial, and frequency-domain features from EEG signals, eliminating the
limitations of manual feature extraction. Disorders such as depression, anxiety,attention deficit hyperactivity
disorder (ADHD), post-traumatic stress disorder (PTSD), bipolar disorder, and schizophrenia exhibit distinct
EEG biomarkers that can be effectively captured using modern neural networks. The reviewed studies
demonstrate that EEG-based deep learning frameworks offer reliable, scalable, and clinically valuable
diagnostic support.
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III.LRELATED-WORK
Electroencephalogram  (EEG) signal

analysis is widely used for the automatic detection
and monitoring of mental and neurological disorders
due to its non-invasive nature and high temporal
resolution. According to recent studies have
combined EEG signals with deep learning and
machine learning techniques to improve diagnostic
accuracy and reduce manual feature extraction.
Based ondeep learning approaches have shown
strong performance in psychiatric disorder
classification. Ahmed et al. proposed deep learning
models to detect multiple psychiatric disorders
directly from EEG signals [1]. A hybrid deep neural
network incorporating temporal and functional EEG
features was introduced for schizophrenia diagnosis,
Achieving improved classification performance [2].
Robust EEG analysis frameworks are using deep
learning have also applied for continuousmental
health monitoring [3]. Several studies focused on
depression and mental stress detection using EEG
signals. Based on machine learning depression
detection  methods  demonstrated  effective
discrimination between healthy and affected
individuals [4], while hybrid deep learning models
were applied for physiological signal based upon
stress detection [10]. These studies confirm that
EEG signals carry important biomarkers related to
emotional and cognitive states. To reduce
dependency on labeled datasets, unsupervised deep
learning techniques explored for real-time mental
health monitoring and intervention [7], with
systematic reviews summarizing recent advances in
unsupervised on EEG based approaches [8].
Ensemble deep learning models have further
employed for non-invasive pre-diagnosis of
psychiatric disorders and improving robustness as
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well as reliability [9].Based onEEG approaches have
also been extensively studied for Alzheimer’s
diagnosis and dementia classification.
Computational EEG analysis methods are proposed
for Alzheimer’s disease detection [12, 13], while
residual neural networks and artificial neural

networks had used to enhance classification
accuracy [14, 15]. Review studies provided
comprehensive summaries of  EEG-based
Alzheimer’s  disease  identification  methods

[16].Moreover, EEG analysis has been applied to
other neurological conditions, such as pediatric
ADHD diagnosis, where wavelet-attention deep
learning models demonstrated improved
performance [17]. Multiple systematic reviews and
highlighted current challenges, including EEG
noise, subject variability, and limited real-time
deployment, indicating the need for more
generalized and robust models [5, 6].Finally,
existing research confirms the effectiveness of Al-
driven EEG analysis for mental and neurological
disorder detection. Finally, issues related to
generalization, robustness, and real-time
implementation remain open, motivating and further
research in this domain.

IV.CHALLENGES

Despite  promising  results,  several
challenges remain in EEG-based deep learning
systems for mental health diagnosis. Large and well-
labeled EEG datasets are limited, which affects
model training and performance. EEG signals vary
significantly between individuals due to differences
in brain activity, age, and mental conditions, making
generalization difficult. EEG recordings are also
affected by noise and artifacts such as eye blinks
and muscle movements, which reduce signal
quality. In addition, there is a lack of standardized
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EEG acquisition protocols, including differences in
electrode placement and recording settings. Most
studies are conducted in controlled laboratory
environments, which limits real-world and clinical
deployment. These challenges highlight the need for
more robust, standardized, and generalizable EEG-
based diagnostic models.

V.RESEARCH GAP IN PREVIOUS WORK

Most of existing studies show good results using
EEG and deep learning for diagnosing mental and
neurological disorders. Meanwhile, most of methods
use only EEG data and do not combine it with other
information such as MRI, fNIRS, or behavioral data,
which can limit diagnosis accuracy. Most of studies
are also conducted in controlled laboratory settings
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using clinical EEG systems, with very little focus on
wearable EEG devices for real-time and daily-life
monitoring. In addition, many deep learning models
work like black boxes, making their decisions
difficult to understand and reducing trust among
clinicians.Issues related to data privacy are not well
addressed, as most of  models are trained using
centralized datasets without privacy-preserving or
federated learning methods. Moreover, problems
such as high differences between subjects, poor
performance across multiple disorders, and the lack
of standard EEG recording standards are still
unresolved. These gaps show the need for more
explainable, multimodal, privacy-aware,and real-
world deployable EEG-based diagnostic system.
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Figurel:Information pathways diagram for the clinical decision support system.
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Figure2: RNN-based EEG Feature Classification Workflow

Fig.1 and 2 illustrate the overall based on EEG
clinical decision support and classification process.
EEG signals are collected from the patient,
processed to extract meaningful features, and
analyzed using deep learning and machine learning
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models. Based on RNN architecturelearns temporal
patterns from the EEG data and performs
classification. The final prediction results are then
provided to the physician to support accurate and
reliable mental health diagnosis output or result.
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VI.CONCLUSION

extensively read and review the mentioned base
papers, this review shows that combining EEG
signal analysis with deep learning models provides
an effective and objective approach for mental
health diagnosis. EEG is a non-invasive and low-
cost technique that can capture important brain
activity patterns related to disorders such as
depression, schizophrenia, ADHD, and
Alzheimer’s disease. Deep learning methods
improve diagnostic accuracy by automatically
learning meaningful features from EEG signals and
reducing the need for manual analysis. However,
challenges such as limited datasets,

EEG noise, subject wvariability, lack of
interpretability, and controlled laboratory-based
studies still limit real-world use. Future research
should focus on multimodal data integration,
wearable EEG systems, explainable AI models, and
privacy-preserving learning techniques to support
reliable, scalable, and clinicallyapplicable mental
health diagnosis systems.
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