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abstract -The human brain continuously generates electrical
signals that represent neural activity and cognitive states.
These signals can be captured and analyzed using
Electroencephalography (EEG) techniques. Monitoring brain
activity in real time provides valuable insights into mental
states such as relaxation, concentration, and stress. This
project presents NeuroNetix, a real-time EEG brain signal
monitoring system designed to capture, process, and visualize
brainwave data using embedded hardware and software
technologies. The system utilizes EEG electrodes connected to
a BioAmp EXG Pill amplifier to acquire brain signals from the
scalp. These signals are amplified and transmitted to an
Arduino microcontroller for signal acquisition and preliminary
processing. The processed data is then transmitted to a
software interface where it is analyzed and visualized through
a real-time monitoring dashboard. The system enables
continuous observation of brainwave patterns, providing a
simple and cost-effective platform for studying neural activity.
NeuroNetix demonstrates how integrated biomedical hardware
and software systems can be used for brain signal monitoring,
with potential applications in healthcare, cognitive research,
and brain—computer interface technologies.

1.INTRODUCTION

The human brain is the central organ of the nervous system
and is responsible for controlling various cognitive and
physiological functions such as thinking, learning, memory,
emotions, and body movements. Communication within the
brain occurs through billions of neurons that transmit electrical
impulses. These electrical activities generate measurable
signals that reflect the brain’s functional state. Monitoring and
analyzing these signals can provide valuable insights into
brain behavior, mental states, and neurological conditions.
One of the most widely used techniques for recording brain
activity is Electroencephalography (EEG), which measures
electrical signals produced by neural activity through
electrodes placed on the scalp.

EEG technology has been extensively used in neuroscience
research, medical diagnostics, and clinical applications. It helps in
detecting neurological disorders such as epilepsy sleep

disorders, brain injuries, and other cognitive
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abnormalities. In addition to medical applications, EEG is
also used in modern technologies such as brain—computer
interfaces  (BCI), cognitive workload monitoring,
neurofeedback systems, and mental health assessment. EEG
signals consist of different frequency bands such as alpha,
beta, theta, and delta waves, each representing different
states of brain activity. For example, alpha waves are
associated with relaxation, beta waves with active thinking
and concentration, theta waves with deep relaxation or
meditation, and delta waves with deep sleep. By analyzing
these signals, it becomes possible to interpret various
mental and physiological conditions.

Despite its importance, traditional EEG monitoring systems
are often complex, expensive, and primarily designed for
clinical environments. These systems require specialized
equipment and trained professionals to operate them,
making them less accessible for educational institutions,
research laboratories, and personal experimentation. In
recent years, advances in embedded systems,
microcontrollers, biomedical sensors, and signal processing
techniques have enabled the development of portable and
cost-effective =~ EEG  monitoring  systems.  These
developments have opened new opportunities for
researchers, students, and developers to explore brain signal
analysis and neurotechnology.

This project presents NeuroNetix, a real-time brain signal
monitoring and visualization system designed to capture,
process, and analyze EEG signals using affordable hardware
and modern software tools. The system utilizes EEG
electrodes to detect electrical signals generated by the brain.
These signals are then amplified using a BioAmp EXG
module, which enhances weak bio-signals to a measurable
level. The amplified signals are acquired through a
microcontroller platform such as Arduino, which converts
the analog signals into digital data. The collected data is
transmitted to a software interface where signal processing
and visualization techniques are applied to display the
brainwave patterns in real time.
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The primary objective of the NeuroNetix system is to provide an
accessible platform for monitoring brain activity while
demonstrating the integration of biomedica instrumentation and
software technologies. By combining signal acquisition,
processing, and visualization, the system allows users to observe
brainwave patterns and understand the relationship between
neural signals and cognitive states Such systems can play an
important role in educational research, mental health studies, and
the development of brain—computer interface applications.

Furthermore, the development of affordable EEG monitoring
platforms like NeuroNetix contributes to the advancement of
neurotechnology by making brain signal analysis more
accessible to students, researchers, and developers. It also
opens possibilities for future improvements such as machine
learning-based brain signal analysis, wireless EEG systems,
and real-time cognitive state detection.

2.LITERATURE SURVEY

The study of brain activity using Electroencephalography
(EEQG) has been widely explored in neuroscience, biomedical
engineering, and brain—computer interface research. Several
researchers have developed systems to capture, analyze, and
interpret EEG signals for various applications such as
neurological diagnosis, state monitoring, and
human—computer interaction.

cognitive

One of the earliest and most widely used approaches for
monitoring brain activity involves the use of EEG-based
systems that measure electrical signals generated by neurons
in the brain. Traditional EEG systems are used in hospitals and
clinical laboratories for diagnosing neurological disorders
such as epilepsy, sleep disorders, and brain injuries. These
systems provide highly accurate recordings of brain signals
but are often expensive and require complex equipment and
specialized training to operate.

Recent advancements in embedded systems and biomedical
instrumentation have enabled the development of portable
EEG devices. Researchers have explored the use of
microcontrollers and low-cost sensors to create compact
systems capable of acquiring and processing brain signals.
These systems aim to make EEG technology more accessible
for research, education, and personal health monitoring.
Microcontroller-based EEG acquisition systems have shown
promising results in capturing real-time brain signals and
transmitting them to computer interfaces for analysis and
visualization.
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3.METHODOLOGY

Several studies have also focused on the use of EEG signals in
brain—computer interface (BCI) applications. BCI systems
enable direct communication between the human brain and
external devices by interpreting brain signals and converting
them into control commands. Such systems are used in
assistive technologies for individuals with disabilities,
allowing them to control computers, prosthetic limbs, or
wheelchairs using brain signals. Machine learning techniques
are often applied in these systems to classify EEG patterns
and identify specific mental states or intentions.

Another important area of research involves the analysis of
EEG frequency bands to determine cognitive and emotional
states. Brainwave patterns such as alpha, beta, theta, and delta
waves are associated with different levels of brain activity.
Researchers have used signal processing techniques such as
filtering, spectral analysis, and feature extraction to analyze
these signals and identify patterns related to stress, attention,
relaxation, and sleep stages.

In addition, recent studies have explored the integration of
EEG monitoring with real-time visualization
platforms. Software tools and programming environments
allow researchers to display brainwave signals graphically,
enabling easier interpretation and analysis of neural activity.
Real-time dashboards and visualization systems help users
observe signal variations and understand the relationship
between brain activity and cognitive behavior.

systems

Despite the significant progress made in EEG technology,
many existing systems remain costly and complex, limiting
their accessibility for students and small research groups.
Therefore, there is a growing need for affordable and user-
friendly EEG monitoring systems that can capture brain
signals and present them in an easily understandable format.

The NeuroNetix project aims to address this need by
developing a low-cost brain signal monitoring system that
integrates EEG  signal  acquisition,  amplification,
microcontroller-based processing, and real-time visualization.
By combining biomedical sensors with modern software tools,
the system provides a simplified platform for observing
brainwave activity and exploring the potential of brain signal
analysis in research and educational applications.

The NeuroNetix system is designed to monitor and
analyze brain signals in real time using
Electroencephalography The methodology of the system
focuses on acquiring brain signals from the scalp,

Page 2


https://ijsrem.com/

Volume: 10 Issue: 04 | April - 2026

International Journal of Scientific Research in Engineering and Management (I]SREM)

SJIF Rating: 8.659 ISSN: 2582-3930

amplifying and processing those signals using embedded
hardware, and finally visualizing the processed data through a
software interface. The overall workflow of the system consists
of multiple stages including signal acquisition, signal
conditioning, data acquisition, data transmission, signal
processing, and visualization.

1. EEG Signal Acquisition

The first step in the NeuroNetix system involves capturing
electrical signals generated by the brain. The human brain
consists of billions of neurons that communicate through
electrical impulses. When groups of neurons become active
simultaneously, they produce electrical signals that can be
detected on the scalp. These electrical signals are known as
brainwaves and are typically measured in microvolts.

To capture these signals, EEG electrodes are placed on specific
positions of the scalp. These electrodes act as sensors that detect
voltage fluctuations caused by neural activity. The electrodes
are usually connected using conductive gel or pads to ensure
proper contact with the skin and to minimize signal loss. The
captured signals represent different types of brainwave activities
such as alpha waves, beta waves, theta waves, and delta waves,
which correspond to different mental states such as relaxation,
concentration, deep sleep, and meditation.

Since EEG signals are extremely weak and sensitive to noise
from the surrounding environment, the captured signals must be
carefully handled and processed before further analysis.

2. Signal Conditioning and Amplification

The electrical signals detected by the EEG electrodes are
extremely small in magnitude, typically ranging between 10 uV
to 100 pV. These signals are too weak to be processed directly
by microcontrollers or digital systems. Therefore, signal
conditioning is required to amplify and stabilize the signals.

In the NeuroNetix system, a BioAmp EXG amplifier module is
used to amplify the EEG signals. This module is specifically
designed for biomedical signal acquisition and is capable of
amplifying weak biological signals such as EEG, ECG, and
EMG signals. The amplifier increases the signal strength while
maintaining signal accuracy and reducing interference from
external noise sources.

The signal conditioning stage may also include filtering
techniques that help remove unwanted signals such as electrical
noise from power lines, muscle activity artifacts, and
environmental interference. By improving the signal-to-noise
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ratio, the amplifier ensures that the resulting signal accurately
represents the brain’s electrical activity.

3. Data Acquisition Using Microcontroller

After amplification, the conditioned EEG signals are transferred
to a microcontroller unit, such as an Arduino board. The
microcontroller acts as the central processing unit for the
hardware system. Since EEG signals are analog in nature, they
must be converted into digital form before further processing.

The microcontroller performs this conversion using an Analog-
to-Digital Converter (ADC). The ADC samples the analog EEG
signals at regular intervals and converts them into digital values
that represent the voltage levels of the brain signals. These
digital values correspond to the amplitude variations of the EEG
signals over time.

The microcontroller continuously reads the incoming data and
organizes it into a stream of digital samples. This continuous
sampling process allows the system to capture brain activity in
real time.

4. Data Transmission to Computer System

Once the EEG signals are converted into digital data, they need
to be transmitted to a computer system for further analysis and
visualization. In the NeuroNetix system, serial communication
is used to transfer the data from the microcontroller to the
computer.

Serial communication provides a reliable and efficient method
for transmitting data between hardware devices and software
applications. The microcontroller sends the digital EEG data
through a USB connection or serial interface, which is received
by the computer system in real time.

This real-time data transmission enables continuous monitoring
of brain signals and ensures that the software interface receives
updated signal information without delays.

5. Signal Processing and Analysis

After the data is received by the computer system, signal
processing techniques are applied to improve the quality of the
EEG signals and extract meaningful information. Raw EEG data
often contains noise and artifacts caused by muscle movement,
eye blinking, or environmental electrical interference.

Page 3


https://ijsrem.com/

! § L &
e My

Volume: 10 Issue: 04 | April - 2026

International Journal of Scientific Research in Engineering and Management (I]SREM)

SJIF Rating: 8.659 ISSN: 2582-3930

1ISREMY
e Jounal
I '?ﬂ& I

For example, EEG signals can be categorized into different
frequency bands such as:

. Delta waves (0.5-4 Hz) — Associated with deep sleep

. Theta waves (4-8 Hz) — Associated with relaxation and
meditation

*  Alpha waves (8—13 Hz) — Associated with calm and
relaxed mental states

By analyzing these frequency components, the system can
provide insights into the user’s mental state and cognitive
activity.

6. Visualization and Real-Time Monitoring

The final stage of the NeuroNetix system involves visualizing
the processed EEG signals through a graphical interface. A
software dashboard is used to display the brainwave signals in
the form of graphs or waveform plots. These visualizations
allow users to observe variations in brain activity over time.

Real-time visualization plays a crucial role in helping users
understand how brain signals change during different mental
states such as relaxation, focus, or stress. The interface may also
include additional features such as signal statistics, waveform
analysis, and interactive monitoring tools.

Through this visualization system, NeuroNetix provides a clear
representation of brain activity, making it easier for researchers,
students, and developers to study and analyze EEG signals.

4. RESULT AND DISCUSSION

il
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The NeuroNetix system was developed to capture, process, and
visualize brain signals in real time using EEG electrodes, a
signal amplification module, a microcontroller, and a software
visualization interface. After integrating the hardware and
software components, several tests were conducted to evaluate
the system’s performance in acquiring and displaying
brainwave signals.

System Performance

The implemented system successfully captured EEG signals
from the scalp using electrodes connected to the
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BioAmp EXG amplifier. The amplifier was able to
enhance the extremely weak electrical signals produced by
brain activity, allowing them to be processed by the
microcontroller. The amplified signals were transmitted to
the microcontroller where analog signals were converted
into digital data through the analog-to-digital conversion
process.

The microcontroller continuously sampled the incoming
EEG signals and transmitted the data to the computer
through serial communication. The real-time data
transmission enabled the software interface to display
brainwave signals without significant delay. The system
demonstrated stable performance during continuous signal
acquisition and transmission.

o
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Signal Visualization

The collected EEG data was successfully visualized using
a graphical interface that displayed the signals in
waveform format. The visualization dashboard allowed
users to observe variations in brain activity over time. The
waveform graphs showed continuous fluctuations that
correspond to the electrical activity of the brain.

During testing, the system was able to detect noticeable
variations in signal patterns when the user changed mental
states such as relaxation or concentration. These changes
were reflected as differences in waveform amplitude and
frequency patterns on the display.
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Different types of brainwave signals can be identified based on
their frequency characteristics. The NeuroNetix system was
able to capture general brain signal patterns that correspond to
common EEG frequency bands. For example, slower wave
patterns were observed during relaxed states, while faster wave
patterns appeared during active mental engagement.

Although the system does not perform advanced clinical-level
analysis, it demonstrates the capability to monitor basic
brainwave activity and visualize signal variations effectively.

System Reliability

The experimental results indicate that the NeuroNetix system
provides reliable acquisition and visualization of EEG signals
under normal conditions. The integration of EEG electrodes,
BioAmp amplifier, microcontroller, and software interface
allowed the system to operate continuously with minimal signal
disruption.

However, during testing it was observed that EEG signals are
highly sensitive to noise and external interference. Movements
such as blinking, muscle activity, or poor electrode contact can
introduce artifacts into the signal. Proper electrode placement
and stable connections are therefore important to maintain
signal quality.
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Discussion

The results demonstrate that the NeuroNetix system can
successfully monitor and visualize brain signals in real
time using low-cost hardware and software components.
The system provides an accessible platform for observing
neural signal patterns and understanding basic EEG signal
behavior.

Compared to traditional clinical EEG systems, the
NeuroNetix platform is simpler and more affordable,
making it suitable for educational demonstrations, student
research  projects, and preliminary brain signal
experiments. The system shows the potential for further
improvements such as advanced signal processing
algorithms, machine learning-based brain  signal
classification, and wireless EEG monitoring.

Overall, the results confirm that the proposed system
achieves its objective of providing a functional and cost-

effective brain signal monitoring solution while
demonstrating the integration of  biomedical
instrumentation and real-time data  visualization
technologies.
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6. CONCLUSIONS

This project presented NeuroNetix, a real-time brain signal
monitoring system designed to capture, process,
visualize FElectroencephalography (EEG) signals using
affordable hardware and software technologies. The
system integrates EEG electrodes, a BioAmp EXG signal
amplification module, a microcontroller for data
acquisition, and a software interface for signal
visualization. Through this integration, the system is
capable of acquiring weak electrical signals generated by
neural activity and converting them into a form that can be
monitored and analyzed in real time.

and

The developed system successfully demonstrated the
ability to capture EEG signals from the scalp and display
the corresponding brainwave patterns through a graphical
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interface. The BioAmp module effectively amplified the weak
bio-signals, while the microcontroller converted the analog
signals into digital data and transmitted them to the computer
system. The software interface allowed continuous visualization
of the signals, enabling users to observe variations in brain
activity over time.

The results obtained during testing confirm that the NeuroNetix
system can provide a functional platform for real-time brain
signal monitoring. Although the system is not intended to
replace clinical EEG equipment, it provides a simplified and
cost-effective solution that can be used for educational
purposes, experimental research, and demonstration of brain—
computer interface concepts.

Overall, the NeuroNetix project demonstrates how biomedical
sensors, embedded systems, and software technologies can be
integrated to create a practical brain signal monitoring system.
The project also highlights the potential further
improvements such as advanced signal processing techniques,
machine learning-based brain signal analysis, and wireless data
transmission. These enhancements could enable the
development of more advanced brain monitoring systems
capable of supporting future research
healthcare, and human— computer interaction.
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