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Abstract

The utilization of 3D hologram technology in recording brain electrical activity (EEG) and transcranial magnetic
stimulation (TMS) on humans has opened new opportunities in the diagnosis and treatment of mental health
disorders. By integrating big data technology, the data generated from EEG and TMS can be analyzed in-depth
to identify previously undetected patterns and trends. Big data allows for the rapid and accurate processing of
large amounts of information, providing comprehensive insights into brain activity. The combination of hologram
technology, EEG, TMS, and big data is expected to enable personalized treatment for mental disorders, enhance
intervention effectiveness, and facilitate better management of mental health databases. This platform is
anticipated to be a breakthrough in treating patients with mental health disorders, facilitating the diagnostic
process, and offering more advanced non-invasive treatment options.
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Abstrak

Pemanfaatan teknologi 3D hologram dalam perekaman aktivitas listrik otak (EEG) dan stimulasi magnetik
transkranial (TMS) pada manusia telah membuka peluang baru dalam diagnosis dan pengobatan gangguan
kesehatan mental. Dengan integrasi teknologi big data, data yang dihasilkan dari EEG dan TMS dapat dianalisis
secara mendalam untuk mengidentifikasi pola dan tren yang sebelumnya tidak terdeteksi. Big data
memungkinkan pengolahan informasi dalam jumlah besar secara cepat dan akurat, memberikan wawasan
komprehensif mengenai aktivitas otak. Kombinasi teknologi hologram, EEG, TMS, dan big data diharapkan
mampu memberikan personalisasi dalam pengobatan gangguan mental, meningkatkan efektivitas intervensi,
dan memfasilitasi pengelolaan basis data kesehatan mental yang lebih baik. Platform ini diharapkan menjadi
terobosan baru dalam merawat pasien dengan gangguan kesehatan mental, memfasilitasi proses diagnostik,
dan memberikan opsi pengobatan non-invasif yang lebih canggih..

Kata kunci: Big Data, Kesehatan, Sistem Basis Data
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INTRODUCTION

Mental health issues have become a serious concern both globally and nationally. Data
from the 2018 Basic Health Research (Riskesdas) indicates that more than 19 million people
over the age of 15 suffer from mental health disorders, while over 12 million people
experience depression. Depression, as a form of mental disorder, affects not only a person's
feelings but also their way of thinking and acting. However, it is difficult for many
individuals experiencing depression to openly express their thoughts and emotions.

The problem of reconstructing EEG (Electroencephalography) electrode signals is an
essential part of analyzing the topography of brain signals. In many cases, information on
2D or 3D grids is available at low density and needs to be evaluated at previously undefined
positions. Interpolation techniques are used to reconstruct missing data or to evaluate
signals at unspecified positions in the grid. The goal of using these techniques is to enhance
the representation index of topographic data to compare datasets obtained in the same
space but in different positions, for instance, when using different EEG montage systems.
Additionally, as shown in interpolation problems, it is useful for reconstructing potentials
on the surface at sensor locations where measurements are taken. The performance of three
interpolation methods for topographic representation of EEG electrode signals—nearest
neighbor (NN), local interpolation techniques, and two global spline techniques, planar
spline (PS) and spherical splines (SS)—has been quantitatively estimated. The nearest
neighbor technique calculates values at scalp locations as a weighted average of the data
values from a number of the closest recording sites.

In this context, efforts to facilitate mental health services are crucial. We believe that
the application of advanced technology can be an innovative solution to support
professionals in the field of psychiatric disorders. By integrating the latest technologies such
as 3D holograms with existing clinical methods, we propose a new approach that can ease
the diagnosis and intervention process for patients with mental disorders.

Hologram technology is an innovation in the field of photography that enables the
recording of three-dimensional objects and presents them realistically. With its ability to
provide deeper and more interactive visualizations, hologram technology can be an
effective tool in delivering information and offering a better understanding of mental health
conditions.

Furthermore, we see great potential in the use of Electroencephalograms (EEG) and
Transcranial Magnetic Stimulation (TMS) as diagnostic and therapeutic tools. EEG allows
the recording of the brain's electrical activity, while TMS stimulates the brain's nerves
through magnetic pulses from outside the scalp. The combination of these two technologies
can provide a more comprehensive understanding of brain activity and pave the way for the
development of more effective intervention methods.

The integration of big data technology becomes a key component in this research. Data
generated from EEG and TMS will be analyzed using big data algorithms to identify patterns
and trends that can aid in diagnosis and personalized treatment. Big data enables the rapid
and accurate processing of large volumes of data, thus offering deeper insights into patients'
mental health conditions. Proper database management will also enable efficient storage
and utilization of mental health data.

In this research, we will explore the potential implementation of 3D holograms as a
medium that enables the integration of EEG, TMS, and big data. By doing so, we aim to create
a platform that not only captures detailed brain electrical activity but also enables non-
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invasive brain stimulation through TMS and analyzes the resulting data using big data
technologies. This combination is expected to become a breakthrough in the diagnosis and
treatment of mental health disorders, paving the way for a more holistic and effective
approach to patient care and improving mental health data management.
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METHODS
3D Hologram Technology

3D hologram is a technology that enables the creation of three-dimensional images that
appear realistic. This technology uses the principles of light interference and diffraction to
record and reproduce 3D images of an object. In the field of mental health, hologram
technology can be used to provide a more in-depth and interactive visualization of the brain,
helping doctors better understand brain structure and function.

Electroencephalograms (EEG)

EEG is a non-invasive method for recording the brain's electrical activity through
electrodes placed on the scalp. EEG has been widely used in research and in the diagnosis
of neurological and mental disorders. By analyzing brain wave patterns, doctors can identify
abnormalities that may be associated with certain mental conditions such as depression,
anxiety, or epilepsy. EEG technology also allows real-time brain monitoring, providing
valuable data for therapeutic interventions.

Transcranial Magnetic Stimulation (TMS)

TMS is a non-invasive brain stimulation technique that uses magnetic fields to
stimulate neurons in the brain. TMS has been proven effective in treating various mental
health conditions, including depression and anxiety disorders. TMS works by inducing small
electric currents in the brain, which can alter neuronal activity and modulate brain
networks involved in mood and emotion regulation. The combination of TMS with EEG
technology can offer deeper insights into how stimulation affects brain activity.

Big Data in Mental Health

Big data refers to extremely large and complex datasets that cannot be analyzed using
traditional analytical tools. In the context of mental health, big data includes information
from various sources such as electronic medical records, EEG data, TMS results, mental
health surveys, and behavioral data from wearable devices. Big data enables in-depth and
comprehensive analysis to identify patterns and trends that might not be visible through
conventional analysis. With machine learning algorithms and artificial intelligence, big data
can be used to predict health outcomes, identify risk factors, and design more effective
interventions.

Database Management

Effective database management is essential in leveraging big data for mental health. A
well-structured database allows for efficient storage, processing, and analysis of data. This
includes ensuring data integrity, security, and patient privacy. By using advanced database
management systems, data from various sources can be integrated and analyzed
holistically, providing better insights for researchers and practitioners in the field of mental
health.

Technology Integration
The integration of 3D hologram technology, EEG, TMS, and big data opens up new

opportunities in the diagnosis and treatment of mental health disorders. This combination
allows for better visualization, real-time monitoring, non-invasive brain stimulation, and in-
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depth data analysis. With this holistic approach, doctors can provide more personalized and
effective care, while researchers can develop a better understanding of the underlying
mechanisms of mental disorders.

Clinical Applications

The application of these technologies in clinical settings can improve the quality of
diagnosis and treatment of mental health disorders. 3D brain visualization using holograms
can assist in identifying structural or functional abnormalities. EEG and TMS data can be
used to design treatment plans tailored to individual needs. Big data analysis can provide
insights into the effectiveness of interventions and help in the development of better
preventive strategies.

12
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FINDINGS AND DISCUSSION
A. Channel Reconstruction and Interpolation of EEG and TMS Data
Channel Reconstruction:

o Thisis aspecific case of the map interpolation problem, where information available
on a sparse 2D or 3D grid must be evaluated at unspecified spatial positions.

e The main objective of this technique is to enhance the topographic representation
index of data, allowing for comparison between datasets obtained in the same space
but at different positions—such as with different EEG montage systems.

EEG Data Interpolation:

e Interpolation techniques are useful for reconstructing potential on the surface at
sensor locations where measurements were taken.

e There are three main interpolation methods used in the topographic representation
of EEG electrode signals:

1. Nearest Neighbor (NN): Calculates values on the scalp as the weighted
average of data from the nearest recording locations.

2. Planar-Spline (PS): Interpolates data by projecting point forces on an
almost infinite plate.

3. Spherical Splines (SS): Uses a thin elastic spherical shell with unit radius
to minimize shell energy between measurement locations.

Mental Health and EEG:

1. Mental Systems in the Brain:

o Mental health and brain activity can be monitored and analyzed using EEG.
EEG measures electrical activity in the brain, providing insights into a
person's mental condition.

o Studies show that EEG data reconstruction and interpolation can enhance
data accuracy and quality, which is vital for better analysis in the context of
mental health.

2. Transcranial Magnetic Stimulation (TMS):

o TMS is a non-invasive technique that uses magnetic fields to stimulate
neurons in the brain. It is often used to treat mental disorders such as
depression.

o In the context of EEG, TMS can be used to modulate brain activity, and its
effects can be measured using EEG. EEG data interpolation helps to
understand how TMS affects brain activity in areas not directly measured by
Sensors.

B. Impact of Electrode Array Distribution

The distribution of electrode arrays significantly influences interpolation accuracy.
Accurate topographic mapping is required to evaluate the radial current density (CSD) from
the 2D Laplacian potential, which is crucial in source analysis and solving the inverse
problem in EEG signals. The accuracy of interpolation highly depends on electrode
distribution.

C. Mental Health and Data Interpolation

EEG data interpolation can be used in mental health research, which has become
increasingly relevant given the rise in mental health issues during the Covid-19 pandemic.
Interpolated EEG data supports the diagnosis and therapy of mental disorders.

D. 3D Hologram Technology and Mental Health

3D Holograms:

This technology is used to record and visualize human brain activity, assisting experts
in the diagnosis and therapy of mental disorders. The combination of EEG and 3D holograms
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enables visualization of the brain's thought processes, helping to interpret human thoughts
and project visualizations of objects being imagined.

E. Big Data in EEG and TMS Analysis

EEG Data Volume: EEG (Electroencephalography) generates large volumes of data
requiring efficient storage and processing. Each EEG session produces a significant amount
of data points from multiple sensors placed on the subject’s head. The data volume is often
high due to fast sampling rates and a large number of electrodes. Interpolation techniques
are crucial for recovering missing or corrupted data and improving the quality of data
analyzed on a large scale.

Large-Scale Analysis: Leveraging big data enables large-scale EEG data analysis to
discover mental health patterns across wide populations. This offers valuable insights for
public health interventions, scientific research, and therapy development.

e Pattern Identification: Big data analysis can help identify specific EEG data
patterns related to mental conditions such as depression, anxiety, or sleep
disorders.

e Risk Prediction: By combining EEG data with other health data, risk prediction
models can be developed to identify individuals at high risk of experiencing mental
health issues.

Implementing Big Data for EEG and TMS: Integrating EEG and TMS data into big data
analysis allows researchers to observe how the brain responds to TMS stimulation in
greater detail. This can help optimize TMS protocols for more effective treatment.

F. Database Systems for EEG and TMS Data Storage

EEG Data Storage: EEG data must be stored in a structured database system to
facilitate access, management, and analysis. Due to the large volume of data and the need
for integration with interpolation techniques and other complex analyses, selecting the
appropriate database system is critical.

Database System Requirements: A robust database system is needed to manage large
EEG and TMS datasets efficiently and reliably. Key requirements include:

e Scalability: The ability to handle growing data volumes from multiple EEG and TMS

recording sessions.

e High Performance: The database should support fast read-write operations for
real-time analysis and applications like 3D holograms.

e Data Security: Strong protection against unauthorized access or data loss is
essential in the context of medical data such as EEG and TMS.

Real-Time Data Processing: Real-time EEG data processing is crucial for medical
applications requiring immediate response, such as 3D hologram systems that integrate
EEG data in real time.

o Data Streaming: The database system should support streaming technologies to
allow real-time receipt and processing of EEG data. Platforms like Apache Kafka or
Apache Flink can be used to manage incoming data streams from EEG sensors.

o Integration with 3D Hologram Technology: The database must integrate EEG
data with the 3D hologram system quickly and efficiently, enabling simultaneous
brain data visualization and analysis.

Integration with TMS: TMS session data must also be stored and managed within the
same database system as EEG data for comprehensive analysis.

e Multi-Modal Data: Integrating EEG and TMS data allows analysis of the interaction

between magnetic stimulation and recorded brain activity, offering deeper insights
into the effects of TMS therapy on mental health.
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e Consistency and Integrity: The database system must maintain consistency and
integrity across EEG and TMS sessions, ensuring the validity and accuracy of the
data used for analysis.

CONCLUSION

EEG and TMS technologies have proven to be beneficial in monitoring and analyzing
mental health, with EEG data interpolation being key to enhancing the accuracy of the
obtained information. In addition, the utilization of big data for large-scale analysis and
mental health risk prediction offers significant potential for gaining deeper insights into an
individual's mental condition. However, to support the effective use of these technologies,
an efficient and secure database system is essential for storing and managing EEG and TMS
data. The integration of EEG and TMS data is crucial in efforts to conduct comprehensive
mental health analysis. By combining information from both technologies, it is expected to
provide a more holistic understanding of a person’s mental health condition, enabling the
design of more precise and effective interventions.

Moreover, 3D hologram technology also makes a significant contribution to improving
the diagnosis and treatment of mental health disorders. With its ability to create realistic
visual representations of mental health data, this technology can assist healthcare
professionals in better understanding a patient’s condition and facilitate more effective
communication between patients and care teams.

Overall, the integration of 3D hologram technology, EEG, TMS, and big data in the
diagnosis and treatment of mental health disorders opens new opportunities for more
personalized and effective care. With this integrated and comprehensive approach, it is
hoped that diagnostic processes can be improved, intervention effectiveness can be
increased, and mental health databases can be better managed—ultimately providing
greater benefits for individuals experiencing mental health challenges.
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