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An electrocardiogram (ECG) measures electrical signals from the heart 
to capture various cardiovascular conditions. Distinct patterns arise in 
ECG during abnormal heartbeats, which facilitate the recognition of 
cardiovascular diseases through non-invasive ECG. Single-lead Holter 
devices allow uninterrupted, continuous monitoring of heart performance 
during everyday tasks and the identification of cardiovascular diseases. 
Deep learning methods are utilized for classifying heartbeats and raising 
awareness of deteriorating health [1]. Since abnormal heartbeats 
occur rarely, even in patients diagnosed with arrhythmia, data used 
for training models are imbalanced, leading to poor generalization and 
robustness [2]. Data augmentation is utilized to mitigate label balancing 
issues. Data augmentation techniques can be divided into traditional 
augmentation and generative deep learning methods. While traditional 
augmentation utilizes transformations of existing data to synthesize 
training data, generative methods utilize Generative Adversarial 
Networks (GANs) [3], Variational Autoencoders (VAEs) [4], and Diffusion 
Discrete Probabilistic Models (DDPMs) to create artificial signals [5]. 
As a traditional augmentation technique, SMOTE has been applied to 
ECG datasets, but some practitioners have raised concerns that it may 
implicitly distort morphological or temporal properties of ECG signals due 
to its interpolation mechanism. In contrast, generative methods tend to 
synthesize signals that mimic real-world data but tend to simplify signal 
morphology [6]. Furthermore, there is a lack of research on synergies 
between preprocessing and data augmentation techniques. In this 
study, a literature review is performed to capture the most prominent 
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and efficient data augmentation methods for ECG considering heartbeat 
classification in arrhythmia cases. Furthermore, synergies between 
preprocessing and data augmentation methods are analyzed. The 
review is followed by a comparative analysis of leading augmentation 
approaches, focusing particularly on ECG signals generated using 
DDPMs for the MIT-BIH Arrhythmia Database classification task. It is 
hypothesized that a 1Ds Convolutional Neural Network (CNN) classifier 
will show better performance in abnormal beat classification when 
trained on data augmented by DDPM than by other methods.
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