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Abstract—This paper presents a simple approach for
monitoring brain activity using NeuroPlayground Lite,
BioAmp cables, and gel electrodes. The system records
EEG signals and identifies basic brainwave patterns such
as delta and gamma. Using the software interface, the
collected signals are visualized and categorized into
different mental states, including drowsy, focus, relax,
and meditation. This setup provides a basic
understanding of how real-time neural signals can be
interpreted for further applications.
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[. INTRODUCTION

Electrical signals in the human brain continuously
change as a person shifts between different mental
states. These electrical rhythms, known as brainwaves,
can be measured using electroencephalography
(EEQ). Each frequency range reflects a different level
of alertness, calmness, or cognitive engagement.

In many situations, people experience mental fatigue,
inattention, or emotional fluctuation without realizing
the underlying neural changes. Students may lose
focus during study sessions, individuals may slip into
drowsiness during long tasks, and meditation
practitioners may wish to track their progress.
Traditional EEG systems capable of measuring these
states are often expensive, complex, and not accessible
for beginner-level research or personal exploration.
To address this gap, this project uses
NeuroPlayground Lite, a low-cost EEG acquisition
tool, along with gel electrodes and BioAmp cables to
measure basic brainwave activity. The system
examines how delta and gamma waves shift in real
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time and maps those changes to four states: drowsy,
focus, relax, and meditation.

In this paper, the focus is solely on understanding EEG
patterns. No VR environment, visuals, or advanced
interactions are included in the current scope.

II. PROBLEM STATEMENT

Many learners and individuals find it difficult to

understand the connection between their mental state

and the underlying brain activity. Common issues

include:

e Difficulty recognizing early signs of reduced
focus

e Not noticing when drowsiness begins while
studying

e Lack of awareness of stress vs. relaxation

e Absence of tools that show brain activity in
simple words

e High cost of EEG devices

e Lack of user-friendly EEG software for beginners

There is a clear need for a system that:

e Captures EEG data safely and simply

e  Shows brainwave activity in understandable form

o Identifies mental states using basic signal patterns

e Is low-cost, portable, and educational

e Supports non-clinical and personal research
applications

This project fulfills these requirements using minimal

hardware and easy signal processing

III. METHODOLOGY

1. System Overview

The Emo VR system is designed to monitor and
analyze the user’s brain activity in real time to enhance
emotional response detection within virtual reality
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environments. The system integrates hardware and
software components to capture, process, and display
EEG signals, focusing on specific brainwave
frequencies associated with emotional states.

2. EEG Acquisition

For acquiring brain signals, the system employs
NeuroPlayground Lite, a versatile EEG acquisition
platform suitable for both research and VR
applications. NeuroPlayground Lite offers real-time
data streaming and signal processing capabilities,
allowing seamless integration with VR experiences.

3. Hardware Components

The EEG signals are captured using BioAmp cables
connected to gel electrodes placed on the scalp
according to the standard EEG electrode positioning
system. The gel electrodes ensure proper conductivity
and minimize noise or signal loss during data
acquisition, providing reliable and accurate readings
of the brain’s electrical activity.

4. Signal Processing

The raw EEG signals collected by the hardware are
sent to the NeuroPlayground Lite software for
processing. The software extracts specific frequency
bands relevant to emotional state analysis:

Delta waves (0.5—4 Hz): Often associated with deep
relaxation and unconscious processes.

Gamma waves (30—100 Hz): Linked to higher-order
cognitive processing and attention.

5. Visualization and Monitoring

The extracted delta and gamma frequencies are
displayed in real time using NeuroPlayground Lite’s
visualization interface. This allows researchers and
developers to monitor the user’s brain activity and
correlate it with VR stimuli, ensuring a dynamic and
responsive Emo VR experience.

6. Integration with Emo VR

The EEG-based  insights obtained from
NeuroPlayground Lite are integrated into the VR
system to adapt content or interactions based on the
user’s emotional state. This closed-loop system
enhances immersion by responding to the user’s
cognitive and emotional reactions.
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Fig.1 EEG Hardware Setup

IV. BRAINWAVE ANALYSIS

1. Overview of Brainwave Patterns

The Emo VR system leverages EEG signals to
understand user mental states by analyzing specific
brainwave frequencies. These frequencies provide
insights into cognitive and emotional processes
occurring during VR interactions.

2. Delta Waves (0.5—4 Hz)

Delta waves are low-frequency brainwaves typically
observed during deep sleep or drowsiness.

In the Emo VR context, increased delta activity
indicates that the user is entering a relaxed or drowsy
state, suggesting reduced alertness or engagement.

3. Gamma Waves (30-100 Hz)

Gamma waves are high-frequency brainwaves
associated with attention, memory, and cognitive
processing.

Elevated gamma activity reflects a focused and
attentive state, indicating active engagement with the
VR environment.

4. Relaxation and Meditation Patterns

Smooth and stable waveforms in delta and gamma
frequencies often correspond to relaxation and
meditation states.
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Such patterns suggest a calm and balanced mental
state, which can be used to adapt VR content for
mindfulness or stress-relief applications.

V. MENTAL STATE CLASSIFICATION

1. Mapping Brainwaves to Mental States The system
classifies mental states by analyzing the amplitude and
stability of delta and gamma waves, mapping them
into four categories:

e  Drowsy: Dominant delta waves with irregular or
slow patterns, indicating low alertness.

e Focus: Prominent gamma waves reflecting
heightened attention and cognitive engagement.

e Relax: Balanced delta and gamma activity with
smooth, stable waveforms, representing a calm
state.

e  Meditation: Similar to relaxation but with deeper,
more rhythmic patterns in both delta and gamma
frequencies, indicating immersive meditative
states.

1. Implementation in Emo VR

The EEG-derived mental state data is continuously
monitored and classified in real time.

This classification allows the VR system to
dynamically adjust the environment or interactions to
enhance user experience, such as modifying visuals,
sounds, or interactive tasks based on the detected state.

Live Feedback
EEG Brainwaves

Wave Frequency State
Delta 0.5-4 Hz Deep sleep, restoration
Theta 4-8 Hz Meditation, creativity
Alpha 8-12 Hz Calm, peaceful
Beta 12-30 Hz Focused, alert

Gamma 30-45 Hz Memory, cognition
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Fig.2 Brainwave Frequency

VI. SOFTWARE PROCESSING

Overview

The Emo VR system uses software to process raw
EEG signals obtained from NeuroPlayground Lite and
convert them into meaningful insights about the user’s
mental state. This processing is crucial to ensure
accurate classification and real-time responsiveness.

1. Signal Filtering

Raw EEG data often contains noise from muscle
movements, eye blinks, or external electrical
interference.

The software applies simple filtering techniques, such
as band-pass filters, to isolate relevant frequency
ranges (delta and gamma waves) and remove
unwanted artifacts.

2. Smoothing Algorithms

To reduce fluctuations and irregularities in the EEG
signals, smoothing algorithms are applied.

This step ensures that the extracted data reflects
genuine brain activity patterns rather than transient
spikes or noise.

3. Frequency Extraction

The system performs frequency extraction to identify
delta and gamma wave components from the filtered
and smoothed EEG signals.

This involves analyzing signal amplitudes and
identifying peaks within the desired frequency bands
for accurate mental state detection.
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4. Mental State Classification

Using the extracted frequency data, the software
classifies the user’s mental state into four categories:
drowsy, focus, relax, and meditation.

Classification is based on the dominance and stability
of delta and gamma wave patterns, enabling the VR
environment to adapt in real time to the user’s
cognitive and emotional state.

5. Integration with Emo VR

The processed and classified data is fed into the VR
system, allowing interactive experiences that respond
dynamically to the user’s brain activity.

This integration creates an immersive and
personalized VR environment, enhancing emotional
engagement and training outcomes.

VII. RESULTS

1. Real-Time Brainwave Monitoring

The Emo VR system successfully displays EEG
activity in real time, providing immediate feedback on
the user’s mental state.

Transitions between drowsiness, focus, relaxation, and
meditation are visually represented, demonstrating the
system’s capability to track dynamic cognitive
changes.

2. Observations

Users’ delta and gamma wave patterns correspond
accurately to expected mental states.

Smooth and stable waveforms are observed during
relaxation and meditation, while dominant gamma
activity is recorded during focused tasks.

This confirms the system’s ability to detect subtle
changes in brain activity using a simple, single-
channel EEG setup.

VIII. APPLICATIONS

1. Study Monitoring

The system can help track students’ attention levels
during study sessions, identifying moments of
distraction or fatigue.

2. Meditation Guidance

Provides feedback on brain activity during meditation,
assisting users in achieving deeper relaxation states.

3. Emotional Awareness

Helps users become aware of their mental and
emotional states, fostering better self-regulation.
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4. Basic EEG Education
Serves as a hands-on learning tool for beginners to
understand brainwaves and mental state classification.

IX. ADVANTAGES

e Low-Cost: Affordable hardware and software
make the system accessible.

e Non-Invasive: Uses gel electrodes, causing no
discomfort or risk to users.

e Portable: Compact setup allows easy deployment
in various environments.

e Beginner-Friendly: Simple interface and real-time
visualization make it suitable for students and
researchers new to EEG technology.

X. LIMITATIONS

e Single-Channel EEG: Limited spatial resolution
restricts the detection of complex brain activity.

e Basic Classification: Only four mental states are
identified, which may not capture nuanced
cognitive or emotional changes.

e Electrode Sensitivity: Accuracy depends on
correct electrode placement and quality of contact
with the scalp.

XI. FUTURE SCOPE

1.  Multi-Channel EEG
Incorporating multiple electrodes can enhance spatial
resolution and capture more detailed brain activity.

2. Machine Learning Classification

Using advanced algorithms could improve mental
state recognition and allow finer distinctions between
cognitive states.

3. Interactive Dashboards
Real-time dashboards could display user metrics,
trends, and visual analytics for enhanced insights.

4. VR Integration

Expanding Emo VR to respond automatically to brain
activity, creating fully adaptive virtual experiences
based on user mental states.
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Brainwave Analysis

Alpha (Relaxation): 0.120 (13.6% of total activity)

Beta (Mental Activity): 0.256 (29.0% of total activity)

+ Active thinking, alertness

Theta (Deep Meditation): 0.196 (22.2% of total activity) W Avha 13.6%

+ Croalive insights N Beta 200
B Theta 27
1N ool 352

Delta (Deep Rest): 0.311 (35.2% of total activity)

+ Deep sleap, unconscious states

Session Interpretation

You were very relaxed, possibly drowsy (35.2% Delta waves). Consider meditating when more
alert, or try sitting rather than lying down.

Brain Symmelry: Left-dominant (0.054) - Your left hemisphere (logical, analytical) was more active.

XII. CONCLUSION

This project demonstrates that simple EEG tools,
like NeuroPlayground Lite with gel electrodes,
can effectively detect mental states using delta
and gamma wave analysis.

Despite hardware and classification limitations,
the system provides real-time insights into user
cognitive and emotional states, offering
applications in study monitoring, meditation, and
basic EEG education.

The study highlights the potential for future
enhancements, including multi-channel EEG,
machine learning, and VR integration, to create
more immersive and personalized experiences.
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