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Introduction
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[1] Na, Yeongyeon, et al. "Guiding Masked Representation Learning to Capture Spatio-Temporal Relationship of Electrocardiogram." ICLR 2024.

Two Significant Drawbacks:

• Ignoring Form and Rhythm Characteristics of ECG

• Ignoring Latent Semantic Relationships of ECG



Introduction
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• New Perspective: Segments ECG into 

"words" and "sentences”

• HeartLang: Self-supervised framework for 

ECG language processing

• Largest Vocabulary: Covering diverse heart 

conditions



Related Work

Contrastive-based methods:

• CLOCS [ICML 2021] 

• ISL [AAAI 2022]

• BTFS [ICML 2022]

• ASTCL [TNNLS 2024]

Reconstruction-based methods:

• MaeFE [TIM 2023]

• CRT [TNNLS 2023]

• ST-MEM [ICLR 2024]
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• Treating them as ordinary time-series data

• Focus on spatio-temporal or time-

frequency domain representation learning

• Ignore morphological and semantic

representation learning



Related Work

• Heartbeats have clear semantics in the time

• Only two papers in ECG language processing

• The vocabulary is constructed based on the 

waves in the heartbeat and without contextual 

information

• Vocabulary does not exceed 70 words (clusters)

5[1] Mousavi, Sajad, et al. "ECG Language processing (ELP): A new technique to analyze ECG signals." Computer methods and programs in biomedicine 202 (2021): 105959.

[2] Choi, Seokmin, et al. "ECGBERT: Understanding hidden language of ECGs with self-supervised representation learning." arXiv preprint arXiv:2306.06340 (2023).



Method
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Step 1: Generating ECG 

Sentences Using the 

QRS-Tokenizer

Step 2: Vector-Quantized Heartbeat 

Reconstruction Training

Step 3: Masked ECG 

Sentence Pre-Training



Generating ECG Sentences Using the QRS-Tokenizer
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• Step 1: QRS Detection

• Step 2: Generating ECG Sentences



ST-ECGFormer Backbone Network

• Spatial Embedding: Assign an index to each 

individual ECG word based on its lead position

• Temporal Embedding: Divide the original 10s 

signal into 10 intervals. Assign each individual 

ECG word an index based on the interval 

position of its QRS index.
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Vector-Quantized Heartbeat Reconstruction Training

9

• Step 1: Vector Quantization

• Step 2: Heartbeat Reconstruction



Masked ECG Sentence Pre-Training
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• Step 1: Individual ECG Words Masking

• Step 2: Collective ECG Words Prediction



Experiments
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Results and Discussions
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Evaluation on Signal Slicing Perspective
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ECG Vocabulary Visualization

[1] Mousavi, Sajad, et al. "ECG Language processing (ELP): A new technique to analyze ECG signals." Computer methods and programs in biomedicine 202 (2021): 105959.

[2] Choi, Seokmin, et al. "ECGBERT: Understanding hidden language of ECGs with self-supervised representation learning." arXiv preprint arXiv:2306.06340 (2023).
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ECG Vocabulary Visualization
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Ablation Study
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Conclusion

•New ECG Signal Processing Perspective: heartbeats serve as words and rhythms as sentences

•Introduction of QRS-Tokenizer: segment ECG signals into semantically meaningful ECG sentences

•Development of HeartLang: learn form-level representations through vector-quantized heartbeat 

reconstruction and rhythm-level representations via masked ECG sentence pre-training.

•Creation of the Largest ECG Vocabulary: capturing a wide range of heartbeat morphological 

patterns across diverse cardiac conditions to enhance ECG language processing.

•Performance Evaluation: HeartLang is evaluated on six public ECG datasets, showing strong 

performance against other self-supervised learning (SSL) methods.

•Goal and Impact: The study aims to inspire ECG research, particularly in ECG language processing, 

by introducing this innovative perspective and framework.

17



Thanks for listening
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