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ECG Heartbeat Classification For Arrhythmia Detection
An electrocardiogram (ECG) is a common non-invasive tool to record heart 

activities and detect different abnormalities in heart functionality. 

Manual classification of the arrhythmic heartbeats:

▪ A challenging and time-consuming task for a physician

▪ Heartbeat hand-annotating is often prone to error

An automatic heartbeat classification:

▪ Diagnose arrhythmic heartbeats in real-time

▪ Achieve high accuracy
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Automatic Heartbeat Annotations Approaches

Shallow machine learning methods such as SVM, Multi-

layer perceptron (MLP), Decision trees, etc.:

1. Signal pre-processing, which includes noise removal 

methods, heartbeat segmentation, etc. 

2. Feature extraction

3. Learning/classification

Deep Learning Methods

▪ Automated feature extractions

▪ Usually end-to-end approaches

Main Limitations

▪ Poor performance, dealing with imbalanced datasets

▪ E.g. achieve a low sensitivity in the MIT-BIH

arrhythmia database for ventricular escape beat (S)

and fusion of ventricular, and normal beat (F) classes

▪ Evaluated based on intra-patient paradigm rather than

the inter-patient scheme
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Contributions

▪ Encoder-decoder deep network

▪ Handle imbalanced classification problem

▪ An end-to-end deep learning approach without providing any 

hand-crafted features to the network and any noise remove 

methods

▪ State-of-the-art results on the MIT-BIH PhysioNet dataset
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Automatic Heartbeat Annotations Approach
▪ A sequence to sequence deep learning

▪ Using the Synthetic Minority Over-sampling

Technique (SMOTE) to address the challenge with

minority classes such as (S) and (F)

▪ Evaluating both inter-patient and intra-patient

paradigms

In intra-patient paradigm, the training and evaluation 

datasets can include heartbeats from the same atients.

In inter-patient paradigm, a more realistic evaluation

mechanism is used where the heartbeat sets for test and

training come from different individuals.

Figure II: A diagram of convolutional layers used in the proposed model.

Figure I: The proposed sequence to sequence deep learning network architecture for automatic heartbeat detection.


