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Abstract: 

This report presents a comprehensive 

investigation into the analysis of 

electrocardiography (ECG) waveforms, inspired 

by the Moody Challenge hosted on PhysioNet. 

Leveraging a dataset comprising ECG recordings 

from over 21,000 patients sourced from the PTB-

XL database on PhysioNet, the study aims to shed 

light on the critical role of ECG waveform 

analysis in evaluating cardiac health. With a 

specific emphasis on the QRS complex, the report 

delves into the intricate details of this waveform 

component and its significance in diagnosing a 

spectrum of cardiac conditions, including 

arrhythmias. Furthermore, the study explores the 

application of advanced signal processing 

techniques such as the Maximal Overlap Discrete 

Wavelet Transform (MODWT) and Symlet4 

wavelet to enhance the diagnostic accuracy and 

efficiency of ECG-based assessments. By 

synthesizing insights from contemporary research 

and clinical practice, the report underscores the 

importance of precise ECG interpretation in 

guiding clinical decision-making and optimizing 

patient care pathways. Additionally, a 

comparative analysis between MODWT and 

traditional bandpass filtering methods is 

conducted, demonstrating the superiority of 

MODWT in achieving more precise and reliable 

results in cardiac waveform classification. 

 

Introduction: 

The inspiration for this project stems from the Moody 

Challenge hosted on PhysioNet, a platform renowned 

for its contributions to biomedical research. Drawing 

upon a dataset comprising ECG recordings from over 

21,000 patients sourced from the PTB-XL database 

on PhysioNet, this study explores the indispensable 

role of ECG waveform analysis in cardiovascular 

diagnostics. Central to this exploration is the QRS 

complex, a fundamental waveform component 

reflecting ventricular depolarization and muscle 

contraction. By scrutinizing the amplitude, duration, 

and morphology of the QRS complex, clinicians can 

mailto:uayub.bee21seecs@seecs.edu.pk
mahmed.bee21seecs@seecs.edu.pk
arehman.bee21seecs@seecs.edu.pk


glean crucial insights into cardiac function and 

identify abnormalities indicative of underlying 

cardiac diseases. Moreover, this introduction 

discusses the rationale for employing advanced signal 

processing techniques such as MODWT and Symlet4 

wavelet to refine ECG interpretation, thereby 

facilitating accurate diagnosis and tailored 

therapeutic interventions. Through a thorough review 

of relevant literature and theoretical frameworks, this 

introduction sets the stage for an in-depth 

investigation into ECG waveform analysis and its 

clinical implications. 

 

Literature Review: 

The literature on ECG waveform analysis is 

extensive and multifaceted, reflecting its profound 

impact on contemporary cardiology practice. This 

review synthesizes seminal studies and research 

findings related to ECG interpretation, with a 

particular focus on the diagnostic utility of the QRS 

complex in detecting cardiac abnormalities and 

arrhythmias. By elucidating the physiological basis of 

the QRS complex and its correlation with underlying 

cardiac pathologies, this review provides valuable 

insights into the clinical significance of waveform 

morphology and temporal characteristics. 

Furthermore, it examines the evolving landscape of 

signal processing methodologies, including MODWT 

and Symlet4 wavelet, and their role in enhancing 

ECG-based diagnostics. Through a critical analysis of 

existing literature, this review elucidates emerging 

trends, challenges, and opportunities in ECG 

waveform analysis, paving the way for future 

advancements in cardiac diagnostics and personalized 

patient care. Additionally, the review conducts a 

comparative analysis between MODWT and 

traditional bandpass filtering methods, highlighting 

the superior performance of MODWT in achieving 

more accurate and reliable results in cardiac 

waveform classification. 

 

 

 

 

 

Methodology: 

 

1. Data Acquisition: 

- Electrocardiography (ECG) data is acquired from a 

publicly available dataset, specifically selecting a 

designated ECG signal file. 

 

2. Preprocessing: 

- The acquired ECG data undergoes preprocessing, 

including normalization for enhanced numerical 

precision. 

- Sampling rate determination and time vector 

generation based on the signal's length and sampling 

rate are conducted. 

 

3. Wavelet Transform (MODWT) Method: 

- The 4-level undecimated Discrete Wavelet 

Transform (DWT) utilizing the Symlet4 wavelet is 

applied to the preprocessed ECG signal. 

- Detail coefficients at levels 3 and 4 are selectively 

retained to capture intricate signal details, particularly 

focusing on the QRS complex. 

- Inverse MODWT is performed to reconstruct the 

signal, followed by calculating the squared magnitude 

to augment R-peak detection. 

- The choice of the Symlet4 wavelet is justified by its 

resemblance to the QRS complex, enhancing its 

suitability for QRS detection. 

 
 

 

 

 

 

 

 

 

 



4. R-Peak Detection: 

- Identification of peaks in the squared magnitude 

signal is conducted to identify potential R-peaks. 

- R-peaks exceeding a predefined threshold, calculated 

as a multiple of the average signal magnitude, are 

classified. 

- The temporal positions of detected R-peaks are 

recorded, and beat count is computed. 

 

5. Heart Rate Calculation: 

- Computation of heart rate (beats per minute) based 

on the detected beats and the signal's total duration is 

executed. 

- Heart rate serves as a critical metric for evaluating 

cardiac health and function. 

 

 

6. Visualization: 

- Plotting of the original ECG signal and the squared 

magnitude signal with identified R-peaks is performed 

for visualization purposes. 

- Detected R-peaks are superimposed on the squared 

magnitude signal for reference. 

 

7. Arrhythmia Detection: 

- Computation of time differences between adjacent R-

peaks (RR intervals) is conducted. 

- Standard deviation of RR intervals serves as an 

indicator of heart rate variability, with arrhythmia 

flagged if exceeding a predefined threshold. 

 

8. Bandpass Filtering Method: 

- Alternatively, traditional bandpass filtering of the 

acquired ECG data is considered. 

- Design and application of a bandpass filter targeting 

frequencies within the QRS complex range is 

executed. 

- Visualization of the filtered ECG signal alongside the 

original signal facilitates comparison. 

 

9. Comparative Analysis: 

- A comparative assessment between the MODWT-

based approach and bandpass filtering is conducted. 

- Evaluation metrics, including accuracy, 

computational efficiency, and noise sensitivity, inform 

the efficacy of each method in R-peak detection and 

arrhythmia identification. 

 

10. Results Interpretation: 

- Interpretation of outcomes from both methodologies 

is provided, considering respective advantages and 

limitations. 

- Insights regarding applicability in clinical 

11. Conclusion: 

- The methodology section concludes by summarizing 

key findings and implications for future research or 

clinical practice. 

- Recommendations for refining methodologies or 

exploring alternative approaches based on observed 

outcomes are offered. 

 

 

Results:  

The dataset comprised data from over 21,000 

patients. Due to the extensive volume of data, a 

random sampling approach was employed for 

analysis. From this subset of patient data, the 

following results were obtained. 
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Exploring wavelet transforms on randomly 

selected patient data to discern underlying 

cardiac dynamics. 
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Discussion: 

The results of our study revealed a notable accuracy 

rate of 90% in correctly classifying arrhythmias using 

wavelet transform. This high level of accuracy 

underscores the reliability and robustness of the 

classification method employed. However, it is 

noteworthy that one patient was misclassified as not 

having arrhythmia when, in reality, they did, 

indicating a slight limitation in the classification 

process. 

 

On the other hand, the efficacy of bandpass filters in 

predicting arrhythmias was found to be limited. The 

challenges in accurately isolating R peaks, a crucial 

aspect of arrhythmia detection, resulted in reduced 

utility of bandpass filtering for this purpose. 



 

Moreover, our study highlights the significant role 

played by machines and technology in analyzing 

ECG data. The utilization of advanced technologies, 

including artificial intelligence (AI), showcases the 

strides made in biomedical engineering. These 

technological advancements have not only enhanced 

the accuracy of diagnostic processes but also 

significantly improved their efficiency, marking a 

significant milestone in the field of biomedical 

research and healthcare. 

 

Conclusion: 

In conclusion, our study demonstrates the 

effectiveness of wavelet transform in accurately 

classifying arrhythmias, achieving an impressive 

accuracy level of 90%. While this method showcases 

robustness in arrhythmia detection, it is essential to 

address the occasional misclassification observed, 

emphasizing the ongoing need for refinement and 

improvement. 

 

Conversely, the limitations observed with bandpass 

filters highlight the challenges associated with 

traditional methods in accurately predicting 

arrhythmias, particularly due to difficulties in 

isolating R peaks. 

 

Furthermore, the utilization of advanced machines 

and technology underscores the transformative 

impact of technological advancements, such as 

artificial intelligence, in biomedical engineering. 

These innovations have not only bolstered the 

accuracy and efficiency of diagnostic processes but 

also paved the way for unprecedented advancements 

in healthcare. 

 

Overall, our findings underscore the importance of 

continued research and development efforts in 

enhancing arrhythmia detection methodologies, 

ultimately contributing to improved patient outcomes 

and the advancement of biomedical science. 
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