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Abstract: - Electrocardiography (ECG) is an essential tool for monitoring heart activity, but conventional electrodes often face limitations 

such as discomfort, signal degradation, and high contact impedance. This project focuses on developing a wearable nanosensor-based electrode 
for ECG tracing, enhancing signal acquisition accuracy and user comfort. By integrating nanosensors into the electrode, the system effectively 
captures bioelectrical signals with minimal interference and improved conductivity. The captured ECG signal involved in signal conditioning 
circuit comprising amplification and filtering stages to enhance signal clarity. The conditioned signal is displayed in real-time on a user interface, 
allowing for continuous monitoring and analysis. This wearable nanosensor-based system provides improved flexibility, biocompatibility, and 
accuracy compared to traditional ECG electrodes. The proposed technology is highly suitable for remote health monitoring, wearable medical 
devices, and real-time cardiac diagnostics. By leveraging nanotechnology, this project aims to advance ECG monitoring with enhanced 
portability, reliability, and ease of use, contributing to the development of next-generation personalized healthcare solutions. 
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I. INTRODUCTION 

To prevent sudden heart attack and fatal complications in severe stages, early diagnosis is an utmost importance. 

Electrocardiogram (ECG) is one, simple diagnostic method. ECG devices record electrical signal fromcardiac 

muscle to analyze the abnormality present in the heart[1]. This novel ECG nano-sensor utilizes piezoelectric effect 

for biometric data collection, utilizing low power and efficient communication interfaces for patient monitoring 

and data gathering [2]. The signal conditioning circuit converts the acquired raw signal to normal ECG signal [3]. 

ECG signals are typically very small (in the millivoltrange) and can be affected by various sources of noise. To 

avoid loading the signal source, the amplifier should have a high input impedance and sufficient gain to bring the 

signal toa measurable level [4]. ECG signals are prone to interferencewith noise of (50/60 Hz), muscle artifacts, 

and other environmental noise. Proper shielding, filtering, and amplification techniques are crucial to minimizing 

these interferences [5,6]. ECG signals frequently utilize instrumentation amplifiers due to their high input 

impedance, high common-mode rejection ratio, and effective differential signal amplification [7,8]. We use both 

high-pass and low-pass filters in ECG signalprocessing to remove noise and enhance signal quality [9]. High-pass 

filter with a cut-off frequency around 0.5–1 Hz toeliminate baseline wander and low-frequency noise [10]. 

Typically, prefer an active high-pass filter because it amplifies weak ECG signals, resulting in minimal signal distortion 

andimproved performance. The low-pass filters with a cutoff near 100 Hz are utilized to eliminate high-frequency 

noise [11]. 

The ECG signal processing employs filters to capture essential components like P wave, QRS complex, and T 

wave, and a notch filter to eliminate power line interference at 50 Hz or 60 Hz [12,13]. It selectively filters out this 

narrow frequency band while preserving other important components of the ECG signal. An VP.in (Visual 

Programming Interface) is used to connect to asignal conditioning circuit and look at the R peak of the ECGdata. 

Analyzing the peak of the ECG signal from the filtered circuit can detect intricate changes in bioelectrical signals, 

improving early diagnosis of heart conditions. The acquired ECG signal (current) from fabricated nano sensor has 

high accuracy and the electrodes are re-usable [14,15,16,17]. The traditional ECG system places gel-based 

electrodes (Ag/AgCl) on the chest and limbs. The system requires a clinical setup and wiring for accurate readings. 

While it provides high signal quality, it is susceptible to motion artifacts, electrode displacement, and skin irritation 

due to the use of conductive gels. In contrast, the wearable nanosensor gel includes zinc oxide, polyvinylidene 

fluoride, and carbon black that offer a non-invasive, flexible, and portable alternative. It uses dry-contact 

nanosensors that make it more sensitive and cut down on noise by about 30 db. Nanosensor-based systems optimize 

for low power consumption, making them ideal for continuous monitoring, unlike traditional ECGs that consume 

more power due to complex circuitry. 
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II. SYNTHESIS AND FABRICATION OF NANOSENSOR 

Synthesis and fabrication of nanosensors involve the preparation of nanomaterials, such as ZnO and graphene, 

through chemical processes to achieve desired properties. The fabricated nanosensors are then integrated into 

functional devices for applications in sensing, electronics, and biomedical fields. The synthesis of zinc oxide 

(ZnO) begins with the preparation of zinc acetate and oxalic acid solutions. A 0.1M solution of zinc acetate 

dihydrate is dissolved in 100 mL of distilled water, while a 0.15M solution of oxalic acid is prepared separately. 

These solutions are mixed and stirred continuously for three hours at room temperature, leading to the precipitation 

of zinc oxalate. The precipitate is then filtered, washed with distilled water and ethanol to remove impurities, and 

dried at room temperature. The dried zinc oxalate undergoes annealing at 200°C for four hours, resulting in the 

decomposition of zinc oxalate into ZnO nanoparticles. To synthesize graphene, coconut shells are selected as the 

carbon source, burned to remove non-carbon elements, and ground into a fine powder. The powder undergoes 

carbonization at 800°C for two hours, transforming the amorphous carbon into structured graphitic layers suitable 

for graphene production. 

For the ZnO/graphene composite, 100 mg of ZnO and 50 mg of graphene are mixed in a solvent such as water 

or ethanol to achieve uniform dispersion. Sonication for 20 minutes ensures the proper interaction of ZnO with 

graphene sheets, breaking up aggregates for a homogeneous mixture. After sonication, the composite is filtered, 

dried, and collected as a solid powder, ready for applications in sensors, energy storage, and optoelectronic 

devices. The final electrode formulation consists of ZnO, polyvinylidene fluoride (PVDF) as a binder, and carbon 

black for enhanced electrical conductivity. The resulting slurry is coated onto the electrode surface, ensuring 

effective integration of materials for improved performance. The Figure 1 shows the solution and Figure 2 shows 

the solution coated onto the electrode. 
 

Figure 1: ZnO/Graphene solution Figure 2: Solution coated onto the electrode 

III. ROLE OF NANOSENSOR 

The piezoelectric sensor attached to the electrode in the powdered form in addition to carbon and polymer 
particles which improve the conductivity. This sensor detects the mechanical vibrations generated by heart muscle 
contractions (depolarization) and relaxations (re-polarization). Generates a small electrical signal proportional to the 
mechanical activity. The electrode is attached to right and left arm of the hand as well as in left leg. The Piezoelectric 
materials generate a small electrical signal when subjected to mechanical stress or pressure. The currentoutput is 
proportional to the force applied. sensor is subjectedto 3 leads to acquire an electrical signal. The acquired electrical 
signal undergoes a signal conditioning circuit to amplify, followed by the removal of noise using afilter circuit. A 
piezoelectric sensor is created using zinc oxide, polyvinylidene fluoride, and carbon black particles combined in an 
8:1:1 ratio coated with the electrodes, enabling accurate signalacquisition. The following are the characteristic of 
nanosensor: 

* High Sensitivity Detection: Nanosensors can detect weak bioelectrical signals from the heart with higher 
precision compared to conventional electrodes to the range of 10−9. 

* Enhanced Signal Quality: They improve ECG signal clarity by reducing baseline drift, motion artifacts, and 
electrical noise. 

* Improved Conductivity: Materials like ZnO, PVDF, and carbon black enhance electrical conductivity, 
ensuring efficient signal transmission. 
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* Real-Time Data Processing: They facilitate continuous, real-time ECG monitoring with wireless integration 
for remote healthcare applications. 

*Miniaturization and Wearability: Due to their small size and flexibility, nanosensors enable compact, 

lightweight, and wearable ECG devices for continuous monitoring. 

 

IV. BLOCK DIAGRAM 
 

 

Figure 3: Block diagram of the proposed model 

V. SIGNAL CONDITIONING CIRCUIT 

 

I. AMPLIFICATION: 

The LM741-based instrumentation amplifier has three bioelectrodes in total, two of which function as differential 
potential terminals and supply the ECG vector tothe terminals with a CMRR value of 96 dB at a slew rate of 
0.5V/μs. The INA is a crucial element in ECG signal amplification, necessitating a high Common-Mode Rejection 
Ratio (CMRR) to effectively reject noise and amplify the differential ECG signal. It also amplifies the potential 
difference. between two points, maintains a high input impedance, introduces minimal noise to preserve signal 
quality, andmaintains a low offset voltage and minimal drift to maintain steady baseline and avoid artifacts. The 
circuit diagram is being designed in LTSpice and simulated using an ACsweep from 1 to 1kHz, the final op amp 
design produced a gain of 1000, which is nearly identical to the desired gain of 1008, thus shown in the Figure 4 
and Figure 5. 

 

 

Figure 4: Circuit Diagram of instrumentation amplifier 
 

Figure 5 : Simulated Output for Instrumentation amplifier 
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A) Calculation: Instrumentation Amplifier: 

By using: 𝑅1 = 3.3k ohms, 𝑅2= 33k ohms, 𝑅3 = 1k ohms, 𝑅4= 48 ohms. 

 
𝐴 =  −𝑅4 (1 + 

𝑅2) (1) 
𝑣 𝑅3 𝑅1 

 

−48 
= 

1𝑘 
(1 + 

33𝑘 
) 

3.3𝑘 

= −1008 
60 

Where, 𝐴𝑣 = Gain of the instrumentation amplifier, From the graph we found Gain = 1020 = 1000 which is 

sufficiently close to our intended gain of 1008.The equation (1) shows the gain value of instrumentation amplifier. 

II. FILTRATION: 

A) High Pass Filter: 

The filter eliminates low-frequency noise, such as baseline wander approximately 25 db. The cut-off frequency 

is typically around 0.5 Hz, ensuring that essential ECG components, such as the P-wave, remain unaffected. By 

setting the cutoff at 0.5 Hz, this can attenuate low-frequency noise while retaining essential ECG features, such 

as slow heart rate signals (e.g., bradycardia). When the desired cutoff is too high (>0.5 Hz) can distort ST-segment 

variations, which are essential for identifying ischemia or myocardial infarctions. Hence the desired cut off is set 

at 0.5 Hz. The circuit diagram and simulated output is shown in the Figure 6 and Figure 7. 
 

 

Figure 6: Circuit diagram of High pass filter 
 

Figure 7: Simulated output for High pass filter 
 

B) Calculation for high pass filter: 
By using: f = 0.5 Hz, and C = 1 uF 

𝑅 =  
1 

2×𝜋×0.5×1 

= 318 k Ohm 

The resistor value of high pass filter is given in the equation (2). 

 

 

(2) 
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C) Low Pass Filter: 

 
It helps remove high-frequency noise, such as muscle artifacts and electrical interference from the environment. 

Desired cut-off frequency: 100 Hz. The filtering process gets rid of unwanted high-frequency signals by 30 dB 
while keeping the integrity of the QRS complex and T-wave. Most of the energy in ECG signals is found below 
100 Hz, and important patterns like the QRS complex, P-wave, and T-wave usually occur between 0.05 Hz and 
100 Hz. The Muscle movements and external electrical sources mostly produce noise at frequencies above 100 Hz. 
By Setting the limit at 100 Hz helps eliminate muscle noise but keeps the QRS complex clear, which has frequencies 
up to 40–50 Hz. If the cutoff is too low (below 100 Hz), it could affect the QRS complex, which may result in 
incorrect heart rate and rhythm measurements. A low-pass filter was created to remove data above the interest 
threshold, including ECG signals, using LTSpice with an AC sweep and 0.1 V sine wave input. The circuit diagram 
and simulated output is shown in the Figure 8 and Figure 9. 

 

 

 

 

Figure 8: Circuit diagram of Low pass filter 
 

Figure 9: Simulated output of Low pass filter 
 

D) Calculation for low pass filter 

The capacitor value is given by, 

C=0.1 UF 

𝑅  = 
1 

2×𝜋×0.1×(10−6)×335𝐻𝑧 

 

= 4.75 k Ohm 

 

 

 

 

(3) 

The resistor value of low pass filter is given in the equation (3). 

E) Notch Filter: 

The primary use of a notch filter in ECG circuits is to removethe mains hum (power line interference) that 
contaminates thesignal. It eliminates this specific frequency (50 Hz) without distorting the ECG waveform. The 
filter achieves a 40 dB reduction in power line noise. A notch filter circuit removes a specific frequency component 
from a signal (50/60Hz), removing power line interference. Itcreates a narrow band-stop effect using reactive 
components,attenuating the specified frequency while maintaining other frequencies, enhancing output quality. The 
filter's gain is one without amplifying characteristics. With an input voltage of 1 V, simulation on LTSpice 
efficiently reduces 60 Hz noise to 0.01 V, therefore yielding a gain of 1. The resistor and capacitor values are 
assigned based on the gain value and the output is verified using LTSpice software. The circuit diagram and output 
are shown in the Figure 10 and Figure 11. 
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Figure 10: Circuit diagram of Notch filter 
 

Figure 11: Simulated output of Notch filter 

 
F) Calculation for notch filter: 

The capacitor and Q factor value are given by, 
C = 0.1 uF 
2C =0.2 uF, Q=8 

𝑅1 

 
 
 

 
𝑅2 

 
 
 
 

 
𝑅 

= 
1 

2×𝑄×2×𝜋×𝑓×𝑐 

 

= 
1 

2×8×2×𝜋×60×1𝐸−6 
 

= 1.66 k Ohm 

=  
20𝑄 

2×𝜋×𝑓×𝑐 

 

= 
20×8 

2×𝜋×60×1𝐸−6 
 

= 424 k Ohm 

= 
𝑅1 ×𝑅2 

(4) 

 

 

 

 

(5) 

 

 

 

 

 
(6) 

𝑓 𝑅1+𝑅2 

 

= 
1.8𝑘 ×423𝑘 

1.8𝑘 +423𝑘 
 

= 1.79 k Ohm 

The signal reaches its lowest voltage at approximately 60 Hz. Because the input voltage is 1V, the filter 

successfully reduces 60 Hz noise to an undetectable level of 0.01V while delivering a gain of 1. The resistor value 

is identified in equation (4), (5), (6). 

 

VI. USER INTERFACE 
 

 

After the signal conditioning circuit has processed the real- time ECG signal, the user interface (UI) made with 

VP.in (Visual Programming Interface) is essential for viewing the signal. The user interface offers an interactive 

and dynamic representation of the ECG waveform once the raw ECG datais gathered from the manufactured 

electrode and conditionedvia amplification and filtering. Both people and medicalprofessionals can rapidly 
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distinguish between normal and abnormal cardiac rhythms because to the VP.in interface's visual representation of 

the data. The VP.in (Visual Programming Interface) enhances real-time ECG signal visualization, allowing users 

to monitor heart activity instantly. Its user-friendly design enables both medical professionals and general users to 

interpret ECG waveforms with ease. The interface supports automated signal analysis, detecting abnormalities and 

generating alerts for irregular heart rhythms. The peak detection in ECG signals is crucial for monitoring heartrate, 

identifying arrhythmias, diagnosing conditions, and supporting real-time patient monitoring in wearable devices. 

The user interface is used to find the R peak in the filtered ECG signal. The developed user interface and the 

respective code has been embedded in Arduino uno is shown in the Figure 12 and Figure 13. 

 

Figure 12: User Interface 

 

Figure 13:Code embedded in the user interface 
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V. WORKING METHODOLOGY 

 

The working methodology involves multiple stages, including signal acquisition, conditioning, processing, and 

analysis. The ECG signal is captured using a wearable electrode embedded with ZnO (Zinc Oxide) and graphene- 

based nanosensors, which enhance sensitivity and ensure accurate detection of bioelectric signals. These 

nanomaterials improve conductivity, reduce noise, and enhance skin-electrode contact for more precise ECG signal 

acquisition. Once the nanosensor-based electrode captures the weak ECG signals, the signal conditioning circuit 

processes the data. This stage includes amplification, where an instrumentation amplifier boosts the small bio- 

potential signals, followed by filtration to remove noise and unwanted frequencies, such as power line interference 

(50/60 Hz) and motion artifacts. A high-pass filter eliminates DC components, while a low-pass filter removes 

high-frequency noise. A notch filter used to eliminate specific noise frequencies. The conditioned signal is then fed 

into an Arduino Uno, which acts as the processing unit. The Arduino’s ADC (Analog-to-Digital Converter) 

converts the analog ECG signal into a digital format for analysis. A peak detection algorithm is implemented within 

the Arduino to analyze ECG waveforms, with a specific focus on detecting the R-peak in the QRS complex. The 

R-peak is crucial for determining the heart rate and diagnosing cardiac abnormalities. Finally, the processed ECG 

signal is displayed on a user interface. This interface allows real-time visualization of ECG waveforms, R-peak 

detection, and heart rate monitoring. The system provides a compact, portable, and efficient solution for continuous 

ECG monitoring, making it suitable for wearable healthcare applications. The circuit diagram, proposed model and 

ECG wave from fabricated sensor is shown in the Figure 14, Figure 15, Figure 16. 
 

Figure 14 : Circuit diagram 

 

Figure 15: Proposed model of the system 

 
Figure 16:ECG wave from fabricated sensor 
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VIII. RESULT AND DISCUSSION 

 

The ECG signal acquisition and processing system's observation demonstrates how well the signal conditioning 
phases work to enhance the ECG waveform's quality. The instrumentation amplifier effectively amplifies the weak 
signals after obtaining the raw ECG signal from the body electrode. The notch filter eliminates power line 
interference, and the high-pass and low-pass filters remove high-frequency noise and low-frequency baseline 
wander. This produces a clear, uncluttered ECG signal that faithfully captures the electrical activity of the heart, 
which may then be examined for diagnostic purposes. The nanosensor-based ECG system demonstrates superior 
performance over conventional electrodes, as proven through key statistical metrics such as accuracy, noise 
reduction (NR), and signal-to-noise ratio (SNR). The accuracy of the nanosensor ECG system is calculated using 
the formula: 

Accuracy (%) =(
𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠+𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠

) × 100 
𝑇𝑜𝑡𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 

This results in 98.5% accuracy, compared to 92% for conventional electrodes, ensuring more reliable cardiac 
rhythm detection. Noise reduction (NR) is evaluated using formula: 

 

NR (dB)=10𝑙𝑜𝑔10 (
𝑃𝑛𝑜𝑖𝑠𝑒 𝑏𝑒𝑓𝑜𝑟𝑒), 
𝑃𝑛𝑜𝑖𝑠𝑒 𝑎𝑓𝑡𝑒𝑟 

This shows a 25 dB noise reduction for nanosensors, significantly better than the 10 dB achieved by conventional 
electrodes. This improved noise suppression leads to clearer ECG signals with reduced baseline drift and motion 
artifacts. Additionally, the signal-to-noise ratio (SNR), given by 

 

SNR (dB)=10𝑙𝑜𝑔10 (
𝑃𝑠𝑖𝑔𝑛𝑎𝑙 ) 
𝑃𝑛𝑜𝑖𝑠𝑒 

This confirms the nano sensor’s superiority, with an SNR of 35 dB, compared to 20 dB for conventional 
electrodes. This means nanosensor ECG systems provide cleaner, more stable signals with minimal interference, 
improving diagnostic accuracy. 

IX. FUTURE ENHANCEMENT 

 

The future scope will have advances in nanotechnology thuslead to smaller, more discreet sensors that users can 
wear comfortably. These Nano sensors will enhance data accuracy, providing more precise ECG readings. 
Integration with mobile devices will facilitate instant data analysis and feedback, making remote monitoring a 
viable option,especially in rural areas. This technology paves the way for personalized medicine, where data can 
inform tailored treatment plans based on individual health trends.Furthermore, AI and machine learning will analyze 
ECG datafor predictive insights, identifying potential health risks before they manifest. Future devices may also 
incorporate multi-parameter monitoring, offering a comprehensive view of overall health. As regulatory 
frameworks evolve, innovative wearable devices will receive faster approvals, promoting widespread adoption. 
Ultimately, this technologycould significantly improve population health management and early disease detection, 
transforming how we approach cardiac care. 

 

X. CONCLUSION 

 

The implementation of Nano sensor in ECG signal monitoring demonstrates a significant advancement over 
conventional electrodes. The Nano sensor capture ECG signals with heightened sensitivity, enabling the detection 
ofsubtle bioelectric variations that traditional electrodes might overlook. Amplifying and filtering the Nano sensor 
signals using appropriate circuits ensures high signal quality and minimizes noise, enhancing the accuracy of heart 
condition analysis. Furthermore, the comparative analysis between signals from normal electrodes and Nano sensor 
highlights Nano sensor superior performance in terms of signal clarity and consistency. We collected the samples 
systematically, adhering to established guidelines to ensure reliable. The new nanosensor-based ECG system 
greatly improves accuracy, reduces noise, and makes signals clearer. However, to be used widely, we need to solve 
problems related to making it bigger, its cost of production, and its stability over time. Future efforts can concentrate 
on making inexpensive mass production and improving longevity with better biocompatible materials. 
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