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Abstract: The rapid advancements in 

computerized electrocardiogram (ECG) 

analysis have revolutionized the diagnosis and 

management of cardiac diseases. Traditional 

ECG analysis relies heavily on manual 

interpretation by cardiologists, which can be 

time-consuming and subjective, leading to 

potential diagnostic errors. With the integration 

of artificial intelligence (AI) and machine 

learning algorithms, computerized ECG 

analysis has become more efficient, accurate, 

and reliable, aiding in the early detection and 

diagnosis of various cardiac conditions. This 

essay says that computerized ECG analysis is a 

big step forward in cardiac diagnostics because 

it gives doctors a strong and reliable way to 

find, track, and treat heart-related diseases, 

which greatly improves patient outcomes and 

lowers death rates. 
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1. Introduction 

Cardiac diseases continue to be a leading cause 

of morbidity and mortality worldwide, 

necessitating the development of advanced 

diagnostic tools and techniques for timely and 

accurate identification and management of 

cardiac conditions [1-2]. Electrocardiography 

(ECG) remains a cornerstone in the -diagnosis 

of various cardiac abnormalities, providing 

valuable information about the electrical 

activity] of the heart. However, traditional 

manual interpretation of ECGs by cardiologists 

can be subjective, time-consuming, and 

susceptible to human error, highlighting the 

need for more efficient and reliable diagnostic 

methods [3-4]. Recent advancements in 

computerized ECG analysis, fueled by the 

integration of artificial intelligence (AI) and 

machine learning algorithms, have transformed 

the landscape of cardiac diagnostics [5]. These 

AI-driven algorithms offer the potential to 

automate and streamline ECG interpretation, 

enabling rapid and accurate diagnosis of 

arrhythmias, myocardial infarction, and other 

cardiac abnormalities. By analyzing large 

volumes of ECG data and identifying subtle 

patterns and anomalies that may be missed by 

human observers, computerized ECG analysis 

systems can enhance diagnostic accuracy, 

facilitate early detection of cardiac diseases, 

and support clinical decision-making [6]. The 

integration of AI and machine learning 

technologies into computerized ECG analysis 

has led to the development of sophisticated 

algorithms for ECG signal processing, feature 

extraction, and classification. These advanced 

algorithms can detect and classify a wide range 

of cardiac abnormalities with high sensitivity 

and specificity, providing cardiologists with 

valuable insights into the patient's cardiac 

health and aiding in the development of 

personalized treatment plans. 

Despite the promising potential of 

computerized ECG analysis in improving the 

efficiency and accuracy of cardiac disease 

diagnosis, several challenges and limitations 

remain. These include the need for high-quality 

ECG data, the potential for algorithmic bias, the 

integration of AI technologies into clinical 

practice, and the interpretation and validation of 

AI-driven diagnostic results by healthcare 

professionals. Addressing these challenges is 

crucial to ensuring the successful 

implementation and widespread adoption of 

computerized ECG analysis in clinical settings. 
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2. Types of Noise in ECG 

Signal 

Heart-related diseases stand as the foremost 

cause of human mortality globally, 

underscoring the urgent need for 

comprehensive methods to understand the 

heart's functional and physiological status. To 

effectively diagnose cardiac ailments, 

clinicians rely on efficient tools and techniques. 

Electrocardiography (ECG) emerges as a 

pivotal tool in this pursuit, offering profound 

insights into cardiac health. In recent years, the 

advent of computerized ECG analysis has 

revolutionized cardiac diagnostics, positioning 

itself as a primary and dependable technique for 

identifying and managing cardiac-related 

diseases. This paper aims to delve into the 

advancements in computerized ECG analysis, 

elucidating its significance, capabilities, and 

future prospects in enhancing the diagnosis and 

treatment of cardiac ailments. In extended 

periods of heart rate monitoring spanning 

several hours, the R-R intervals exhibit non-

stationary characteristics. Analysis of the power 

spectral densities (PSDs) of these R-R intervals 

is essential, particularly focusing on specific 

frequency bands. These include the low-

frequency (LF) band, ranging from 0.18 to 0.4 

Hz, associated with respiratory and vagal 

activity modulation. Additionally, the very-

low-frequency (VLF) band, ranging from 0 to 

0.03 Hz, correlates with humoral and 

thermoregulatory influences on heart rate 

variability. 

3. Types of Noise in ECG 

Signal 
3.1. Power Line Interference (PIL) 

Power line interference stands out as the 

primary source of noise in ECG signals, 

stemming from various factors such as unclean 

electrodes, loose connections, stray alternating 

current, electromagnetic interference from 

power lines, and inadequate grounding of 

equipment or the patient. The frequency 

component of PIL typically ranges from 50 to 

60 Hz, overlapping with the frequency range of 

the ECG signal (0.5 to 80 Hz), thus corrupting 

the ECG readings. Poor grounding, electrical 

power leaks, or the presence of other 

instruments in the recording environment can 

exacerbate PIL.  

3.2. Electrode Motion Noise 

Electrode Motion Noise arises from 

fluctuations in electrode skin impedance caused 

by the abrupt movements of the patient during 

ECG recording. This noise affects the transient 

baseline of the signal. The frequency range of 

electromyography (EMG) signals, which also 

overlap with ECG signals (0.5 to 100 Hz), 

ranges from 5 to 450 Hz. EMG signals, being 

non-stationary, pose challenges in their 

suppression or removal. 

3.3. Baseline Wandering 

When the patient is in motion, such as walking, 

running, or performing exercises like pull-ups 

or push-ups, or is otherwise restless during 

ECG recording, various shapes of baseline 

wandering are superimposed onto the ECG 

signal. These variations introduce additional 

noise to the signal. 

4. Diagnosing Techniques 

Signal preprocessing in ECG signal analysis 

systems relies heavily on various filtering 

techniques to mitigate noise interference. The 

sensitivity of ECG signals necessitates the 

removal or filtration of even minute noise 

disturbances to preserve signal integrity [2]. In 

biomedical signal processing, digital filters are 

very important. They use mathematical 

algorithms in hardware or software to fix 

damaged input signals and make the output 

signals that are needed to reach certain filtering 

goals. This study conducts an analysis of Finite 

Impulse Response (FIR) and Infinite Impulse 

Response (IIR) filters for baseline noise 

removal from ECG signals. The findings 

indicate that IIR filters outperform FIR filters 

by eliminating the ringing effect, a small 

oscillation at the beginning of ECG signals. 

Additionally, IIR filters require less 

computational power and offer easier 

implementation. Researchers in this paper 

compare various denoising methods, including 

Normalized Least Mean Square (NLMS) filters, 

Discrete Wavelet Transform (DWT), and both 

FIR and IIR filters. Evaluation metrics such as 

Signal-to-Noise Ratio (SNR), Mean Square 

Error (MSE), Mean Absolute Error (MAE), and 

peak signal-to-noise ratio (PSNR) are 

employed. Specifically, the comparison 

between IIR and FIR filters regarding power 
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line interference removal reveals that an FIR 

filter of order 40 yields optimal performance. 

Filters are instrumental in selectively 

classifying heart rhythm to detect cardiac 

abnormalities, utilizing supervised and 

unsupervised classification methods. 

Additionally, an alternative ECG model-based 

classification approach employing the Kalman 

filter is explored. The adaptation of the Kalman 

filter facilitates heart beat classification based 

on prior knowledge and the identification of 

noisy beats with unknown morphologies, 

resulting in the discarding of approximately 3% 

of beats deemed unknown or unclassifiable. 

This classification method is applied to the 

MIT-BIH arrhythmia datasets. Ten datasets are 

used to compare how well different IIR filters 

work. Chebyshev Type I is found to be the best 

for ECG denoising, with a higher average SNR 

than the other filters. Another study delves into 

hybrid filter models by analysing various 

modes of high-pass and low-pass filters. An 

FIR filter with a high order of up to 400 is 

utilized in conjunction with a Chebyshev low-

pass filter, with Mean Square Error (MSE) 

serving as the performance metric. This hybrid 

filtering approach is applied to separate 

Electromyography (EMG) signals from ECG 

signals. Moreover, investigations into digital 

filters reveal the superiority of Chebyshev 

window filters in terms of signal-to-noise ratio 

enhancement and the removal of approximately 

50Hz power line interference (PIL). Various 

IIR and FIR filters are systematically compared 

across different orders, with Power Spectral 

Density (PSD) and Mean Square Error serving 

as key evaluation metrics. In a comparative 

analysis of IIR and FIR filters across different 

orders, the Power Spectral Density (PSD), 

Mean Square Error (MSE), and Signal-to-Noise 

Ratio (SNR) were evaluated. The results 

indicated that a Kaiser Window FIR filter of 

order 56 outperformed other filters. For 

accurate power line interference (PIL) tracking 

and filtration, an SSRLS adaptive filter was 

proposed that filter autonomously adjusts its 

tuning frequency to precisely filter the 1st, 3rd, 

and 5th harmonics of PIL. A comparative 

investigation of side-lobe roll-off ratio and 

ripple ratio of FIR filter windows concluded 

that the proposed window effectively removes 

high-frequency noise that can corrupt ECG 

signals. Furthermore, a study emphasized the 

reduced computational complexity and power 

consumption achieved by IIR filters compared 

to various other filters. Finally, a comparative 

analysis of SNR performance across different 

filter techniques revealed varying trends in 

SNR with increasing filter order. The study 

emphasized the importance of selecting the 

right filter for ECG diagnosing. Comparative 

studies like these are very helpful because they 

show how well and whether different IIR and 

FIR filters work to clear up ECG signals. This 

makes it easier to choose the best filters for each 

application. 

5. Conclusion 

This paper has provided a comprehensive 

survey of various filtering techniques aimed at 

mitigating different types of noise in ECG 

signals. Our findings indicate that baseline 

noise in ECG signals can be effectively 

eliminated using IIR filters. Additionally, 

through comparisons involving FIR and IIR 

filters employing techniques such as Discrete 

Wavelet Transform (DWT) and Normalized 

Least Mean Square (NLMS), it has been 

established that an FIR filter of order 40 yields 

optimal performance in removing Power Line 

Interference (PLI). Furthermore, by 

scrutinizing different IIR filters and their 

algorithms, we have identified that selecting an 

appropriate filter is contingent upon careful 

observation and analysis. In summary, this 

study underscores the importance of tailored 

filtering methods in enhancing the fidelity of 

ECG signals, paving the way for more accurate 

diagnosis and treatment of cardiac conditions. 
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