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Abstract

Background: Electroencephalogram (EEG) is a non-invasive, real-time visualization of the
brain’s electrical activity to detect any abnormalities in the nervous system before the onset of
critical conditions. Therefore, this project aimed to design a cost-effective, high-accuracy, and
user-friendly EEG monitoring system to monitor brain activity.

Methodology: The functional prototype was developed at NED University, Pakistan. Initially,
electrodes were selected for optimal signal acquisition. An instrumentation amplifier with high
differential gain was employed at the preamplification stage due to the low amplitude of the
acquired signals. 5th order Butterworth Band-pass filters were designed for the filtration of the
signal. Subsequently, a driving circuit was designed to reject all the common-mode signals. Upon
competition of the design for all the blocks, the circuit was transferred onto a Printed circuit
board for further analysis and validation of results.

Results: The developed device was able to measure brain activity accurately. Real-time data
was wirelessly transmitted through Bluetooth that can be visualized on cell phones. The device
was significantly cost-effective compared to commercially available products.

Conclusion: The developed system offers a cost-effective solution for real-time EEG
monitoring. The final prototype successfully detected, filtered and amplified EEG signals,
acquired from the body. Utilizing Bluetooth technology, the processed signals were displayed on
a mobile application, thereby providing an affordable solution for monitoring brain activity.
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Introduction

The brain is the most complex organ, the control focus of the human body. This three-pound
mass of delicate tissue inside the skull enables everything from simple movements to complex
mental activities by coordinating and regulating various physical processes'. The brain consists
of billions of neurons connected by trillions of neurotransmitters, which are conveyed through
electrical and chemical signals-2.

The Encephalogram (EEG) records the brain’s activity and collects electrical signals cooperating
with different brain lobes. Following 10-20 systems, 32 electrodes are placed on specific areas of
the scalp to detect and transmit electrical impulses generated in those areas. Signals from
different lobes convey important information; for example, motor planning comes from the
frontal lobe, sensory information from the parietal lobe, auditory processing from the temporal
lobe, and visual stimuli from the occipital lobe. These signals are processed by the EEG circuit and
its amplifiers, filters, and converters, reflecting different brain activity in these lobes. This
technique can be used to interpret and analyze the wave patterns obtained from the brain,
corresponding to the lobe’s functions®34,

Brain disorders refer to many conditions that affect the function or structure of the brain and
cause various cognitive, emotional, behavioral, or physical disorders. These problems can be
caused by several causes, including genetic factors, injury, disease or neurochemical imbalance,
and can significantly impact a person and their life. Neurodevelopmental problems such as
autism spectrum disorder (ASD) and Attention-Deficit/Hyperactivity Disorder (ADHD) appear
early and can affect mental and social functioning™®. In contrast, neurological diseases such as
Epilepsy, Multiple Sclerosis, or Parkinson’s disease disrupt the nervous system and its ability,
causing movement difficulties or cognitive impairment. Mental health problems such as
Depression, Anxiety, Schizophrenia, and bipolar disorder can affect mood regulation and thought
patterns. Traumatic Brain Injuries (TBI) and neurodegenerative diseases such as Alzheimer’s
disease and Parkinson’s disease can also cause memory loss, movement disorders, and general
impairment’8. Various neuroimaging techniques like Functional Magnetic Resonance Imaging
(fMRI), Computed Tomography (CT) scan, Magnetoencephalography (MEG), and
Electroencephalogram (EEG) are available to monitor brain activity and are also used for
diagnostic purposes of the disorders 0. Moreover, EEG devices have advantages over others
due to their high temporal and medium spatial resolution, mobility, and cost*. Further, it is a
non-invasive and real-time brain monitoring technique used to diagnose various diseases by
using electrodes, in comparison to other techniques. Therefore, the project aimed to create an
affordable solution for brain monitoring by developing a functional prototype utilizing a 4-
channel EEG Bio-signal Amplification System with a Mobile App Visualization Interface.
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Methodology

Designed System
The functional prototype was developed at the Biomedical Engineering Department of NED
University of Engineering and Technology (NEDUET), Pakistan.

Working Principle
Key components such as AD620IC, LM324IC, Arduino, Bluetooth modules, capacitors, and
resistors were used to measure brain activity and diagnose disorders.

Construction
The device consisted of two parts, hardware and software, and was constructed using locally
available components, each playing a crucial role in the system’s functionality.

e |t was ensured that electrodes with biocompatibility features, good conductivity, and
lower skin-electrode impedance were chosen. For this reason, Ag/AgCl electrodes were
the most suitable for this application. They were formed with Ag/AgCl, were wet, and
required gel for the best results®2.

e The AD620 IC was used as an amplifier, playing a critical role in improving the weak
electrical signals produced by the brain. These signals, estimated in microvolts, are
typically weak and must be strengthened before they can be accurately analyzed and
interpreted. EEG amplifiers were designed to amplify these tiny electrical impulses while
minimizing interference and noise.

e Low-pass filters are widely used in EEG, ECG, and EMG systems. An EEG circuit typically
uses a low-pass filter to remove the high-frequency noise. In an EEG circuit, LPF passes
only a frequency range signal. An LPF with a critical frequency 38Hz and attenuation of 30
dB at 40Hz was designed using LM324 IC according to the EEG signal®®3.

e Calculation of the number of poles of the circuit:
F= Applied Frequency
Fc = Cut-off frequency
Fdec = Decade frequency = Cut-off Frequencyx10

e For the number of poles:
Attenuation at Fdec = ( Fdec-Fc /F-Fc) * attenuation at F
=> ((380-38)/ (40-38)) * 177.8 = 30403.8
=> In dB: 20*log (30403.8)
=>89.65 = 90 - 5 poles
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e A high pass filter blocks lower frequency signals in EEG circuits that produce artifacts and
adjust the roll-off rate. LM324 IC was used for the high-pass filter because of its adjustable
gain and voltage. It also offers a wide range of power consumption. An HPF with a critical
frequency of 0.05Hz and an attenuation of 30 dB at 0.051 Hz was designed.

e Calculate the number of poles of the circuit:
F = Applied Frequency
Fc = Cut-off frequency
Fdec = Decade frequency = Cut-off Frequencyx10

e For the number of poles:
Attenuation at Fdec = ( Fdec-Fc/ Fc-F) * attenuation at F
=> ((.5-.05) / (0.05-0.049))* 177.8 = 80010
=>In dB: 20*log (80010)
=>98 - 5 poles

A driving circuit was designed using LM324 IC, capacitor (0.01uF), and resistors (1M ohm, 12k
ohm, 30k ohm). The driving circuit provided electrical isolation and managed the noise between
the power and the control circuit. The purpose of this circuit was to ensure the correct, reliable,

and low noise measurement of the weak electrical signals generated by the brain (Figure-1 and
2).
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Figure-1 Components of the circuit
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Figure-2 Schematic diagram created on Multisim

The Arduino UNO acted as the system’s brain, interacting with components to receive and serve
electrical signals from the oscilloscope to the mobile app. The connection of electrical

components was quickly placed in a breadboard, and a jump wire was usually used to connect
two points to allow electrical connection (Figure-3).

Figure-3 Hardware components of the system

Application Design

While developing the app in MIT App Inventor, its visual and user-friendly programming interface
was utilized to create the user interface quickly, and the components were designed to simplify
the user experience. The system utilizes a 4-channel set-up, allowing the amplifying bridge to
collect brain information accurately. Sensor and signal processing components were integrated
seamlessly into the app using MIT App Inventor, enabling real-time amplification and bio-signal
reception. The mobile phone’s user interface incorporated graphic display and data logging
features with graph controls to enhance user interaction and user controls to improve mobile

responsiveness. This may result from the MIT App Inventor’s event-driven programming model
method (Figure-4).
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Figure-4 Component of backend program of MIT App Inventor

Results

Figure-5 displays the output of an EEG device, showing a continuous brain wave pattern on an
oscilloscope screen. The waveform appears stable and clear, indicating that the device is
successfully capturing and amplifying brain signals. The screen shows a relatively flat baseline
with minor fluctuations, suggesting that the device is effective in filtering noise and accurately
representing real-time brain activity. This visual representation confirms that the EEG device
developed is capable of reliable brain activity monitoring, with data being easily interpreted by
the end-user.
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Cost Comparison

Figure-5 EEG output on Oscilloscope

Table-1 below shows the cost comparison of multiple devices available and the developed device:

Table-1 Cost comparison

Device

Description

Approximate

Price ($)

Muse S EEG Brain Sensing Portable EEG headset with 4 channels, sleep tracking, and 400
Headband meditation assistance.
Muse 2 EEG Brain Sensing Measures physical activity, and promotes calmness, and 200
Headband emotional control.
g.Nautilus Mid-range 8- channel EEG system for research applications. 7000
Semi Active Two High-end research-grade 32-channel EEG system. 6000
BrainMaster Discovery Mid-range 4- channel EEG system suitable for
6000
24E neurofeedback
NeuroSky l\fldeave Affordable 1- channel EEG headset for basic applications. 200
Mobile 2
OpenBCl Ult t
pen racortex 8 to 16 channels, research-grade EEG headset. 400
Mark IV
Brainlink Lite V2.0 Measures different sta.tes of rmnd (focus, calm, excitement) 400
with various apps.
MYNDPLAY MyndBand Neurofeedback training with virtual reality compatibility. 400
Neeuro Senzeband 2 Widely used for the purpose of neurofeedback, relaxation, 400
and focus enhancement.
Bio-Signal Picker (BSP) Affordable: easy for consumer.use, provides .real-time 90
brainwave data streaming and analysis.
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Characteristics Comparison
Table-2 shows, a characteristics comparison of multiple devices available with our device.

Table-2 Characteristic comparison

Setup Accurac Light
Device Channels Time Y Portable Wireless g
. % Weight
(minutes)
NeuroSky
Mind Wave 1 1-3 83.33 P P P
Mobile
Muse 2 4 3-5 83.80 P P P
EPOC+ 14 10-15 78.34 x P P
Open BCI
Cyton
Biosensing 16 10-15 60.00 X X x
Board
BrainBit EEG
Headset 4 5-10 81.56 P P P
BSP (Bio-Signal 4 13 75.00 p p p
Picker)

Upon evaluation, the device proved significantly cost-effective compared to commercial
alternatives, as shown in Table-1, highlighting its affordability and accessibility. Further, it
contains all those parameters compared to high-cost devices, as shown in Table 2; for example,
our device’s set-up time is (1-3) minutes, while Muse 2 takes (3-4) minutes. Furthermore, in the
market, some devices are high-cost but not portable, while our device is mainly designed for user
comfort, wireless, and lightweight. This achievement aligns with our overarching goal of
broadening access to diagnostic technology, particularly in low-resource settings where
specialized operator training and high initial costs pose significant barriers*4.

Discussion

The project, undertaken at NED University, Pakistan, in 2024, aimed to develop an affordable 4-
channel EEG bio-signal amplification system with a mobile app interface to enhance accessibility
to brain disease monitoring. A functional prototype addressed small bio-signals, noise
interference, and high costs. The system effectively captured brain activity, providing real-time
data visualization while ensuring accurate measurement. Its success relied on carefully selecting
electrodes, incorporating amplification and filtration circuits, and integrating calculated low-pass
and high-pass filters. These components enabled the system to record EEG signals efficiently. The
circuit is designed up for the signal of very low frequency from range of 0.05 Hz to 45 Hz where
the signals of all bands of EEG will be gained. The noise in the circuit is quite minimal and the
setup time is quite low as compare to the others it is also compact in size, portable, wireless,

243




Farooq et al. Affordable 4-Channel EEG Bio-signal Amplifier

user-friendly which can be used by the medical staff, researchers and patients. The circuit is
mainly comprised of the instrumental amplifier, high and low pass filters, notch filters. The ICs
we used are widely available and has the all-basic parameters and characteristics 1>18,

Diseases like Epilepsy, Alzheimer, brain ham-rage and others which are most common in the
current generation but the people are unaware about them and not get proper treatment which
effects the patient’s life so for that reason we have used the software. So, for the aid of the
society and new researches in the field of medical, neuro will be flourished by using this device.
There are multiple researches worked on this problem statement. Also, it helps in the data
collection, storing and analyzing *°=22. The Bio-Signal Picker (BSP) is developed with very minimal
cost and provide 4-channels and has meet all the necessary parameters of the current devices
available in the market. The vital part is that the device is highly compact in design with the
wireless and portable in nature. The other part is that it can provide the real time signals which
helped out the doctors to diagnose the patients well from distinct areas and the provision of aid
is made possible?3. This system can be integrated with neuromuscular therapy devices such as
Binaural beat?*, Transcutaneous electrical nerve stimulation?®, transcranial direct current
stimulation, neurofeedback?®, in conjunction with machine learning techniques?’, to facilitate
personalized therapeutic approach.

Conclusion

The developed system offers a cost-effective solution for real-time EEG monitoring. The final
prototype successfully detected, filtered and amplified EEG signals, acquired from the body.
Utilizing Bluetooth technology, the processed signals were displayed on a mobile application,
thereby providing an affordable solution for monitoring brain activity.
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