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ABSTRACT: This project focuses on the design and development of a bio-potential signal acquisition system for 
capturing and analysing physiological signals such as ECG (Electrocardiogram), EEG (Electroencephalogram), EOG 
(Electrooculography) and EMG (Electromyogram). Bio-potential signals, generated by the body during physiological 
activities, are vital for diagnosing and monitoring various medical conditions. The system uses electrodes to capture 
these weak signals, which are then amplified and filtered to remove noise and interference. A microcontroller digitizes 
and processes the signals, while a wireless module facilitates real-time data transmission to external devices for 
monitoring and analysis. The system ensures high accuracy, portability, and cost-effectiveness, making it suitable for a 
wide range of applications, including remote healthcare diagnostics, biomedical research, and educational purposes. Its 
modular design allows for flexibility and scalability, enabling the integration of additional bio-signals if required. The 
use of modern hardware and open-source software ensures affordability and accessibility. 
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I. INTRODUCTION 

 

Bio-potential signal acquisition refers to the process of detecting and measuring electrical signals generated by the 
human body. These signals, produced by the electrical activity of cells and tissues, are vital for understanding 
physiological functions. Examples of bio-potential signals include electrocardiograms (ECG) for heart activity, 
electroencephalograms (EEG) for brain signals, (EOG) for eye movement and electromyograms (EMG) for muscle 
activity. The acquisition of these signals is crucial in various medical and research fields. It provides critical insights 
into bodily functions and helps diagnose conditions such as heart arrhythmias, epilepsy, and muscular disorders. 
Moreover, bio-potential signals are foundational in developing innovative healthcare technologies like prosthetics, 
brain-computer interfaces, and wearable health monitors. 
 

To address these challenges, bio-potential signal acquisition systems rely on specific components. Electrodes are used 
to detect signals from the body, amplifiers boost the signal strength, and filters remove unwanted noise. Analog-to-

digital converters (ADC) transform the signals into a digital format, enabling further processing and analysis. Bio-

potential signal acquisition plays a vital role in healthcare diagnostics, monitoring, and rehabilitation. It enables real-
time patient monitoring, enhances understanding of physiological processes, and supports the development of assistive 
technologies, improving the quality of life for patients worldwide. 
 

II. BLOCK DIAGRAM AND METHODOLOGY 

2.1 BLOCK DIAGRAM 

 

 
 

 

Fig1.System block diagram 
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2.2 WORKING METHODOLOGY 

 

The methodology for bio-potential signal acquisition begins with signal acquisition using Ag/AgCl electrodes, ensuring 
proper skin preparation to minimize impedance and enhance contact quality. The weak bio-potential signals are then 
conditioned using a high-CMRR instrumentation amplifier (e.g., AD620) to amplify them, followed by filtering to 
remove noise and interference. Low-pass filters eliminate high-frequency noise, high-pass filters address baseline drift, 
and notch filters mitigate power line interference at 50/60 Hz. The conditioned analog signals are digitized using a 
high- resolution ADC (12-bit or 16-bit) for further processing. A microcontroller or processor is employed for real-time 
signal analysis, including tasks like R-wave detection for ECG or event- related potential analysis for EEG. The 
processed signals are visualized on an LCD or transmitted to a computer or mobile application for real-time 
monitoring, with options for data storage for offline analysis using tools like MATLAB or Python. Finally, the system 
undergoes validation through controlled testing and comparison with standard devices to ensure accuracy and 
reliability. 
 

The bio-potential signal acquisition system using the Bio Amp EXG Pill and Arduino Uno is designed for accurate and 
efficient measurement of physiological signals like ECG, EEG, and EMG. The process begins with Ag/AgCl electrodes 
placed strategically on the body to capture electrical signals generated by muscle or neural activity. Proper preparation of 
the skin, such as cleaning with alcohol, is crucial to minimize impedance and enhance signal quality. The detected 
signals, which are weak and prone to noise, are sent to the Bio Amp EXG Pill, a compact amplifier module that boosts 
the signals while filtering out noise and interference. This includes removing baseline drift caused by body movements, 
high-frequency noise, and power line interference (50/60 Hz). The resulting clean and amplified analog signal is then 
sent to the Arduino Uno for further processing. 
 

The Arduino Uno, equipped with a 10-bit ADC, digitizes the analog signal at a sampling rate suitable for capturing details 
of the bio-potential data. Once digitized, the Arduino processes the signals using algorithms to extract key features, such 
as R-peaks in ECG for heart activity, muscle contraction patterns in EMG, Eye movement patterns in EOG, and brain 
wave patterns in EEG. The processed data is either transmitted via USB or Bluetooth for real-time monitoring on a 
computer, smartphone, or display. Visualization tools like Backyard Brains Spike Recorder or MATLAB allow users to 
observe and analyze the signals in real-time, and the data can also be stored for offline research and study. 
 

The system’s effectiveness depends on proper electrode placement, stable connections, and optimal sampling rates to 
avoid aliasing. Calibration of the system is essential to ensure accuracy and reliability over time. This system is widely 
used in healthcare for patient monitoring, wearable technology development, educational purposes for hands-on 
learning in bio-potential studies, and research in neuroscience and physiology. Its compact design, affordability, and 
versatility make it an excellent choice for applications requiring precise bio-potential signal acquisition and analysis. 
 

3. COMPONENTS REQUIRED 

 

3.1HARDWARE REQUIREMENTS  
3.1.1 Bio Amp EXG Pill: Amplifies bio-potential signals (ECG, EEG, EMG) with built-in noise filtering and 
amplification. 

 
 

Fig 2- Bio Amp EXG Pill 
 

The Bio Amp EXG Pill is a small, modular bio-potential amplifier designed for recording signals like ECG, EMG, and 
EEG. It features high-gain amplification, noise filtering, and signal conditioning in a compact package. Compatible 
with microcontrollers like Arduino and Raspberry Pi, it simplifies bio-potential signal acquisition for medical and 
research applications. Its small size and ease of use make it ideal for wearable and portable devices. 
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3.1.2. Arduino Uno: Microcontroller used for processing and controlling the signal acquisition process.Provides digital 
and analog input/output pins to interact with sensors and modules. 
 

The Arduino Uno is a popular microcontroller board based on the ATmega328P chip, designed for beginners and 
hobbyists in electronics and programming. It features 14 digital I/O pins, 6 analog inputs, a USB connection for 
programming, and a 16 MHz clock. Known for its simplicity and versatility, it is widely used in prototyping, 
automation, and IoT projects. The board supports the Arduino IDE for coding and uploading programs. 

 
 

Fig 3-Arduino Uno 

 

3.1.3 Electrodes (Ag/AgCl): Used to detect bio-potential signals from the body. 
ECG electrodes for heart signals, EEG electrodes for brain signals, and EMG electrodes for muscle signals, EOG for 

eye movement signals. 

 

 
 

Fig 4. Electrodes 

 

In bio-potential signal acquisition, they capture electrical activity generated by the body, such as ECG, EEG, or EMG 
signals. Common types include Ag/AgCl electrodes, which offer high sensitivity and low noise. Proper electrode 
placement and skin preparation are essential for accurate signal detection and minimizing interference. They are widely 
used in medical diagnostics, research, and wearable health monitoring devices. 
 

3.1.4 Analog-to-Digital Converter (ADC): Converts the analog signals from the Bio Amp EXG Pill into digital format 
for processing by the Arduino. 

 
 

Fig 5-ADC 

 

In electronics, an analog-to-digital converter (ADC, A/D, or A-to-D) is a system that converts an analog signal, such as 
a sound picked up by a microphone or light entering a digital camera, into a digital signal. An ADC may also provide 
an isolated measurement such as an electronic device that converts an analog input voltage or current to a digital 
number representing the magnitude of the voltage or current. Typically the digital output is a two's complement binary 
number that is proportional to the input, but there are other possibilities. 
 

https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Analog_signal
https://en.wikipedia.org/wiki/Microphone
https://en.wikipedia.org/wiki/Digital_camera
https://en.wikipedia.org/wiki/Digital_signal_(signal_processing)
https://en.wikipedia.org/wiki/Electronic_device
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Two%27s_complement
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3.1.5 Power Supply: Battery or USB power for the Arduino and Bio Amp EXG Pill. Power source should provide 
stable voltage (5V for Arduino, 3.3V or 5V for the Bio Amp EXG Pill). 
 

3.1.6 Computer/Smartphone: For receiving data from Bluetooth, visualizing signals, and storing/analyzing the data. 
Required for real-time monitoring and offline analysis. 
 

 

3.2 SOFTWARE REQUIREMENTS 

 

3.2.1 ARDUINO IDE 

The Arduino IDE provides a user-friendly interface for writing, compiling, and uploading code to Arduino boards. It 
supports a variety of programming languages, including C and C++, and comes with a range of built-in libraries for 
different functionalities. The IDE also includes features like syntax highlighting, automatic code indentation, and serial 
monitoring for debugging. Additionally, it offers extensive documentation and a large community of users who share 
projects, tutorials, and troubleshooting tips. 
 

3.2.2 Backyard Brains Spike Recorder Software  
Software that allows users to visualize, record, and analyze spike signals from neurons and muscles, compatible with the 
Arduino-based system Bluetooth Communication Software/Apps: Used to pair the Bluetooth module with the computer 
or smartphone. 
 

IV. IMPLEMENTATION 

 

The bio-potential signal acquisition system was implemented using the Bio EXG Pill, Arduino Uno, and Backyard 
Brains to capture signals such as ECG, EMG, and EEG. The electrodes were placed on specific body locations depending 
on the signal type—ECG electrodes were positioned on chest with a ground electrode on the leg, EMG electrodes were 
placed on targeted muscles with a ground electrode on a bony part, and EEG electrodes followed the 10-20 system (The 
10-20 system is an internationally recognized method for placing EEG (electroencephalogram) electrodes on the scalp 
to record brain activity. The name "10-20" refers to the way electrode positions are determined: each electrode is placed 
at 10% or 20% distances between key landmarks on the skull, such as the nasion (forehead), inion (back of the head), 
and preauricular points (near the ears)). Electrooculography (EOG) involves placing electrodes strategically to measure 
eye movement potentials. For Vertical EOG (VEOG), one electrode is positioned above the eye (on the forehead near the 
eyebrow), another below the eye (on the cheek near the lower eyelid), and a ground electrode on a bony part of the 
forehead. For Horizontal EOG (HEOG), electrodes are placed at the outer corners of the left and right eyes, with a 
ground electrode on the forehead. The Bio EXG Pill was connected to the Arduino Uno, where VCC was linked to 5V, 
GND to GND, and SIGNAL OUT to A0 for analog signal input. The Arduino was programmed to read bio-signals using 
the analog Read(A0) function, transmitting the acquired data via Serial Monitor at 115200 baud rate for real- time 
visualization. Further, software filtering techniques (such as a moving average filter) were applied to minimize noise. 
 

4.1. CONNECTION  

In above provided implementation, the A0 pin of the Arduino Uno R3 has been used for acquiring bio- potential signals 
from the Bio Amp. To establish a proper connection, the OUT pin of the Bio Amp must be connected to the A0 analog 
input pin of the Arduino Uno using the jumper cables provided in the kit. Additionally, the VCC and GND pins of the 
Bio Amp should be connected to the 5V and GND pins of the Arduino Uno, respectively, to ensure proper power supply 
and signal grounding. 

Fig 6-Bio Amp EXG Pill 
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4.1.1 Connecting electrode cable 

To establish a proper connection between the Bio Amp Cable and the Bio Amp EXG Pill, insert the cable end into the 
JST PH connector on the Bio Amp EXG Pill, as shown in the figure below. The JST PH connector ensures a secure and 
stable connection, allowing for reliable signal transmission. This connection is crucial for capturing high-quality bio-

potential signals such as ECG, EMG, and EEG. After connecting the Bio Amp cable, the other end should be properly 
wired to the Arduino Uno or any other MCU/ADC for further signal processing and analysis. 
 

 
 

Fig 7-Electrods 

 

4.1.2 Skin Preparation 

Apply Nuprep Skin Preparation Gel to the skin surface where the electrodes will be placed to remove dead skin cells 
and eliminate dirt. This step enhances electrode contact with the skin, reducing impedance and improving signal 
quality. After thoroughly rubbing the skin surface with the gel, clean the area using an alcohol wipe or a wet wipe to 
remove excess gel and ensure proper adhesion of the electrodes. Proper skin preparation is essential for obtaining clear 
and accurate bio-potential signals such as ECG, EMG, EOG and EEG. 
 

4.2. Measuring Electromyography (EMG) 
Electromyography (EMG) is a technique for evaluating and recording the electrical activity produced by skeletal 
muscles. EMG is also used as a diagnostic procedure to assess the health of muscles and the nerve cells that control 
them (motor neurons). EMG results can reveal nerve dysfunction, muscle dysfunction, or problems with nerve-to- 
muscle signal transmission. 
 

4.2.1 Electrodes placement 
We have 2 options to measure the EMG signals, either using the gel electrodes or using dry electrode- based Muscle 
Bio Amp Band. You can try both of them one by one. 
4.2.2 Using gel electrodes: 
Connect the Bio Amp cable to gel electrodes, 
Peel the plastic backing from electrodes 

Place the IN + and IN- cables on the arm near the ulnar nerve & REF (reference) at the back of your hand as shown in 
the connection diagram. 
 

 
 

Fig 8-Electrode placement of EMG 

 

4.2.3 Uploading the code 

Connect the Arduino Uno to your laptop using the USB cable (Type A to Type B). Copy paste any one of the Arduino 
Sketches given below in Arduino IDE v1.8.19 
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Go to tools from the menu bar, select board option then select Arduino UNO. In the same menu, select the COM port 
on which your Arduino Uno is connected. To find out the right COM port, disconnect your board and reopen the menu. 
The entry that disappears should be the right COM port. Now upload the code, & open the serial plotter from the tools 
menu to visualize the EMG signals. 
After opening the serial plotter make sure to select the baud rate to 115200. 
Make sure your laptop is not connected to a charger and sit 5m away from any AC appliances for best signal 
acquisition. 
 

4.3. Measuring Electrocardiography(ECG) 
Electrocardiography (ECG) is the process of producing an electrocardiogram (ECG or EKG). It is a graph of voltage 
versus time of the electrical activity of the heart using electrodes placed on the skin. These electrodes detect the small 
electrical changes that are a consequence of cardiac muscle depolarization followed by repolarization during each 
cardiac cycle (heartbeat). 
 

4.3.1. Electrodes placement 
We have 2 options to measure the ECG signals, either using the gel electrodes or using dry electrode-based Heart Bio 
Amp Band. You can try both of them one by one 

4.3.2. Using gel electrodes: 
Connect the Bio Amp cable to gel electrodes 

Peel the plastic backing from electrodes 

Place the IN- cable on the left side, IN+ in the middle and REF (reference) on the far right side 

 

4.3.3. Uploading the code 

Connect Arduino Uno to your laptop using the USB cable (Type A to Type B). Copy paste the Arduino Sketch given 
below in Arduino IDE v1.8.19 

Go to tools from the menu bar, select board option then select Arduino UNO. In the same menu, select the COM port 
on which your Arduino Uno is connected. To find out the right COM port, disconnect your board and reopen the menu. 
The entry that disappears should be the right COM port. Now upload the code, & open the serial plotter from the tools 
menu to visualize the signals. 
After opening the serial plotter make sure to select the baud rate to 115200. 
 

4.4. Measuring Electrooculography(EOG) 
Electrooculography (EOG) is a technique for measuring the cornea-retinal standing potential that exists between the 
front and the back of the human eye. The resulting signal is called EOG. To measure eye movement, pairs of electrodes 
are typically placed either above and below the eye or to the left and right of the eye. If the eye moves from the center 
position toward one of the two electrodes, this electrode “sees” the positive side of the retina, and the opposite electrode 
“sees” the negative side of the retina. Consequently, a potential difference occurs between the electrodes. Assuming the 
resting potential is constant, the recorded potential is a measure of the eye’s position. 
 

4.4.1. Electrodes placement 

                    Fig 9-Electrode placement of ECG 

Figure 10(a)-Electrode placement of EOG horizontal movement recording 
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We have 2 ways to measure the EOG signals, either record the horizontal eye movement or the vertical eye movement. 
You can one by one record both the signals. 
Horizontal EOG recording: 
Connect the Bio Amp cable to gel electrodes. 
Peel the plastic backing from electrodes. 
Place the IN- cable on the right side of the eye, IN+ on the left side of the eye and REF (reference) at the bony part, on 
the back side of your earlobe as shown in the diagram above. 
 

4.4.2. Vertical EOG recording: 
 

Connect the Bio Amp cable to gel electrodes. 
Peel the plastic backing from electrodes. 
Place the IN- & IN+ cables above and below the eye respectively and REF (reference) at the bony part, on the back side 
of your earlobe as shown in the diagram above. 
4.4.3. Uploading the code 

Connect Arduino Uno to your laptop using the USB cable (Type A to Type B). Copy paste the Arduino Sketch given 
below in Arduino IDE v1.8.19 

Go to tools from the menu bar, select board option then select Arduino UNO. In the same menu, select the COM port 
on which your Arduino Uno is connected. To find out the right COM port, disconnect your board and reopen the menu. 
The entry that disappears should be the right COM port. Now upload the code, & open the serial plotter from the tools 
menu to visualize the signals. 
 

4.5. Measuring Electroencephalogram(EEG) 
Electroencephalography (EEG) is an electrophysiological monitoring method to record electrical activity on the scalp. 
During the procedure, electrodes consisting of small metal discs with thin wires are pasted onto your scalp. The 
electrodes detect tiny electrical charges that result from the activity of your brain cells which are then amplified to 
appear on the computer screen. It is typically non- invasive, with the electrodes placed along the scalp. 
4.5.1. Electrodes placement 
We have 2 options to measure the EEG signals, either using the gel electrodes or using dry electrode- based Brain Bio 
Amp Band. You can try both of them one by one. 
 

Using gel electrodes to record from prefrontal cortex part of brain: 

Connect the Bio Amp cable to gel electrodes. 
Peel the plastic backing from electrodes. 

Fig 10(b)-Electrode placement of EOG vertical movement 
recording 

Fig 11-Electrodes placement of EEG 
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Place the IN+ and IN- cables on Fp1 and Fp2 as per the International 10-20 system & REF (reference)at the bony part, 
on the back side of your earlobe as shown above. 
Using Brain Bio Amp Band to record from prefrontal cortex part of brain: 
Connect the Bio Amp cable to Brain Bio Amp Band in a way such that IN+ and IN- are placed on Fp1 and Fp2 as per 
the International 10-20 system. 
In this case, the REF (reference) should be connected using gel electrode. So connect the reference of Bio Amp cable to 
the gel electrode, peel the plastic backing and place it at the bony part, on the back side of your earlobe. 
Now put a small drop of electrode gel on the dry electrodes (IN+ and IN-) between the skin and metallic part of Bio 
Amp cable to get the best results. 
 

4.5.2. Uploading the code 

Connect Arduino Uno to your laptop using the USB cable (Type A to Type B). Copy paste the Arduino Sketch given 
below in Arduino IDE v1.8.19 

Go to tools from the menu bar, select board option then select Arduino UNO. In the same menu, select the COM port 
on which your development board is connected. To find out the right COM port, screen disconnect your board and 
reopen the menu. The entry that disappears should be the right COM port. Now upload the code. 
 

V. RESULT AND CONCLUSION 

 

5.1. Result 
5.1.1. EMG Signals 

The image displays a graph of Electromyography (EMG) signals, which represent the electrical activity of muscles 
during contraction and relaxation 

Signal Amplitude and Variations: The waveform demonstrates noticeable variations in amplitude, which correspond 
to the level of muscle activation. 
Higher amplitudes typically indicate stronger muscle contractions, while lower amplitudes suggest lesser activity or 
relaxation. 
 

 
 

Fig 12-EMG Signal 
 

Signal Burst Activity: The distinct areas with denser and higher-amplitude signals represent periods of muscle 
contraction. 
The relatively flat or low-amplitude sections indicate muscle rest or minimal activity. 
Noise or Baseline Drift: Some background signal noise may be visible in the regions with smaller deflections, which 
could result from movement artifacts, electrode placement issues, or external interference. 
Key Features: The EMG signal's temporal and amplitude characteristics suggest muscle engagement that varies in 
intensity across the observed duration. 
Specific patterns in this data can indicate voluntary or involuntary muscle movements. 
This EMG data could be further processed to analyse muscle fatigue, assess neuromuscular health, or decode specific 
muscle activities. Let me know if you'd like guidance on signal processing techniques, filtering, or feature extraction 
for deeper analysis. 
5.1.2. ECG Signal 

Fig 13-ECG Signal 
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The image shows an ECG (Electrocardiogram) waveform, which is a graphical representation of the electrical activity 
of the heart over time. Below is a description of the observed practical ECG signal: 
P Wave: The smaller upward deflections before the larger spikes. This represents atrial depolarization or the activation 
of the atria. 
QRS Complex: The sharp, tall spikes following the P waves. This represents the depolarization of the ventricles, a 
critical part of the cardiac cycle. 
T Wave: The relatively broader hump or deflection following the QRS complex. This represents ventricular 
repolarization or the recovery of the ventricles. 
Signal Stability: The waveform appears continuous and consistent, indicating regular cardiac cycles in the captured 
signal. Irregularities (if present) could signify arrhythmias or disturbances. 
This waveform can further be analyzed for heart rate (RR interval), waveform amplitude, and any anomalies to evaluate 
heart health. 
 

5.1.3. EOG Signal 
The image displays a practical Electrooculography (EOG) signal, specifically capturing horizontal eye movements. 
Below is the detailed description: 
Signal Characteristics: The waveform shows noticeable variations, likely caused by left-to-right or right- to-left eye 
movements. 
The consistent rise and fall in the signal amplitude represent the electrical potential changes generated during the 
horizontal movement of the eyes. 
Amplitude Changes: Positive peaks correspond to movement in one direction (e.g., right), while negative peaks 
indicate movement in the opposite direction (e.g., left). 
Noise and Stability: The signal appears relatively clean, indicating minimal noise and proper electrode placement, 
possibly near the outer canthi of the eyes. 
 

EOG Application: 
Such horizontal EOG signals are commonly used to: 
Detect gaze direction for assistive technologies (e.g., communication devices). 
Analyze eye movement behavior in neurological studies. 
Control systems in brain-computer interfaces (BCI) for people with disabilities. 
 

 

 

 
 

Fig 15 -EOG Vertical Signal 

The image represents Electrooculography (EOG) signals, typically captured for monitoring the eye movements caused 
by electrical potential differences between the cornea and retina. The specific signal provided here corresponds to 
vertical eye movements. Below is the description: 
 

Waveform Features: 
Positive Peaks: These represent upward eye movements (looking up). 
Negative Peaks: These indicate downward eye movements (looking down). 
The amplitude of the signal correlates with the magnitude of the eye's vertical motion. 
Signal Stability: 
The waveform shows distinct variations in amplitude, suggesting purposeful and measurable vertical eye movements. 
Smooth transitions between peaks imply proper placement of electrodes and minimal noise. 
 

Fig 14-EOG Horizontal Signal 
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Interpretation: 
Higher amplitudes correspond to larger vertical eye movements. 
These signals could be analyzed further for eye movement patterns, such as saccades, fixations, or blinks. 
 

5.1.4. EEG Signal 

 
 

The image represents practical EEG signals captured in real-time, likely from a subject. Below is a detailed description: 
EEG Signal Characteristics: 
The waveform shown is continuous and reflects brain electrical activity, with peaks and troughs corresponding to 
voltage variations over time. 
Amplitude and Frequency: 
The signal displays moderate amplitude changes, indicative of typical brain activity at rest or during light mental 
engagement. 
The detailed frequency analysis (low-frequency delta or theta vs. high-frequency beta or gamma waves) isn't visible but 
can be further analyzed with FFT (Fast Fourier Transform). 
Source and Electrodes: 
The signal likely represents frontal lobe activity, as EEG electrodes might have been placed on the forehead or nearby 
scalp regions. 
Signal Noise and Artifacts: 
The waveform seems relatively clean with minimal noise, implying proper electrode placement and impedance control 
during recording. Any large spikes or unusual shifts might indicate signal artifacts (e.g., motion or muscle activity). 
 

Use Case: 
Such practical EEG data is valuable for applications including: 
Brain-computer interfacing (BCI) 
Cognitive state monitoring (e.g., relaxation, focus) 
Medical diagnostics for neurological conditions (e.g., epilepsy) 
 

V. CONCLUSION 

 

The bio-potential signal acquisition system provides a reliable and efficient method for capturing and analyzing 
physiological signals like ECG, EEG, and EMG. With accurate, it ensures high-quality data acquisition for monitoring 
and analysis. The system’s modular and portable design makes it suitable for applications in healthcare, research, and 
education. By combining modern technology with cost-effective components, this project demonstrates the potential to 
create practical tools for understanding bio-signals and improving biomedical applications. 
 

REFERENCES 

 

1. Patel S., Park H., Bonato P., Chan L., Rodgers M. A review of wearable sensors and systems with application in 
rehabilitation. J. Neuroeng. Rehabil. 2012;9:21. doi: 10.1186/1743-0003-9-21. [DOI] [PMC free article] [PubMed] 
[Google Scholar] 

2. Amzica F, Lopes da Silva FH (November 2017). Schomer DL, Lopes da Silva FH (eds.). Cellular Substrates of 
Brain Rhythms. Vol1.Oxford University Press. doi:10.1093/med/9780190228484.003.0002. 

3. Drew, B. J.; Califf, R. M.; Funk, M.; Kaufman, E. S.; Krucoff, M. W.; Laks, M. M.; Macfarlane, P. W.; 
Sommargren, C.; Swiryn, S.; Van Hare, G. F. (26 October 2004). "Practice Standards for Electrocardiographic 
Monitoring in Hospital Settings" 

Fig 16-EEG Signal Fig 17 -EEG Signal 

https://academic.oup.com/book/35515/chapter-abstract/305245903?redirectedFrom=fulltext&login=false
https://academic.oup.com/book/35515/chapter-abstract/305245903?redirectedFrom=fulltext&login=false
https://academic.oup.com/book/35515/chapter-abstract/305245903?redirectedFrom=fulltext&login=false
https://academic.oup.com/book/35515/chapter-abstract/305245903?redirectedFrom=fulltext&login=false
https://www.ahajournals.org/doi/10.1161/01.CIR.0000145144.56673.59
https://www.ahajournals.org/doi/10.1161/01.CIR.0000145144.56673.59
https://www.ahajournals.org/doi/10.1161/01.CIR.0000145144.56673.59


. 

© 2025 IJIRCCE | Volume 13, Issue 5, May 2025|                                       DOI:10.15680/IJIRCCE.2025.1305213

 

IJIRCCE©2025                                                      |     An ISO 9001:2008 Certified Journal   |                                                10858 

4. Paoletti, Michele; Belli, Alberto; Palma, Lorenzo; Pierleoni, Paola (December 2020). "Electromyography Pattern 
Likelihood Analysis for Flexion-Relaxation Phenomenon Evaluation" 

5. Sörnmo, L., & Laguna, P. (2005). Biomedical Signal Processing: Principles and Techniques. Academic Press. 
6. Pantelopoulos, A., & Bourbakis, N. G. (2010). A Survey on Wearable Sensor-Based Systems for Health 

Monitoring and Prognosis. IEEE Transactions on Systems, Man, and Cybernetics, 40(1), 1–12. 
7. Gopalsamy, D., Das, R., & Jayaraman, S. (2018). Design of Low-Cost Amplifiers for Bio-Medical Signal 

Processing. Journal of Biomedical Engineering and Technology, 9(3), 120–128. 
8. Worringham, C. J., Rojek, A., & Stewart, I. (2008). Development and Feasibility of a Smartphone Application for 

ECG Recording. International Journal of Medical Informatics, 77(9), 625–633. 
9. Patil, S., Deshmukh, R., & Kumbhar, A. (2020). Applications of Arduino in Biomedical Engineering. International 

Journal of Innovative Research in Science, Engineering, and Technology, 9(5), 4531– 4536. 
 

 

https://www.mdpi.com/2079-9292/9/12/2046
https://www.mdpi.com/2079-9292/9/12/2046
https://www.mdpi.com/2079-9292/9/12/2046


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   8.379 

 

 

 

 

 

 

     


