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Motivation
Privacy Risk of Heart Rate Prediction: Centralized heart rate training

exposes sensitive physiological HR data, compromising data privacy and
highlighting the need for federated learning (FL).

Data Heterogeneity and Client Disconnection: Existing methods suffer
performance degradation due to the inherent heterogeneity of heart rate data
and temporary client disconnections to the central server.

Need for an Effective Methods: There is an urgent demand for robust and
privacy-preserving solutions to enhance personalized heart rate prediction.

Heart rate patterns of different individuals under varying conditions 
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Method
We propose a federated learning-based approach named PCFedH, which

provides personalized and applicable heart rate prediction.

 The prototypical contrastive learning-based federated clustering module is
designed to extract representations from heterogeneous heart rate data,
achieving privacy-preserving and accurate clustering across clients.

 The two-phase soft clustered federated learning module trains personalized
FL models for heart rate prediction, effectively mitigating data heterogeneity.

Architecture of the PCFedH model 
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Major Results
Prediction results 

 PCFedH outperforms all the baselines, across both datasets,
achieving average reductions of 3.1% in MSE, 1.6% in MAE, and
1.7% in MAPE compared with the second-best results.

 PCFedH can effectively recognize and use inter-client differences,
enhancing the model’s personalized adaptability.
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Major Results
Ablation study 

 All modules in our model contribute to improving the performance of
heart rate prediction.

 The marked decline after removing the soft clustered FL module
suggests that different data types still mutually benefit each other,
highlighting the necessity of soft clustering.
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Major Results
Hyperparameter sensitivity analysis 

 When the learning round Rpcl is set to 10 in the two-phase soft
clustered FL module, PCFedH achieves satisfactory performance,
maintaining efficiency without significant sacrifice in accuracy.
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Major Results 
Visualization results 

 The application of prototypical cluster learning significantly improves 
cluster separability, as illustrated by the t-SNE visualization after 
dimensionality reduction. 

Visualizations of PPG-DaLiA dataset representations 
Left: the enhanced representation by PCFedH; Right: the original representation 
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Conclusions

We propose PCFedH, a novel federated learning framework that
addresses privacy concerns and handles the heterogeneity of heart
rate data to achieve personalized and accurate heart rate prediction.

By combining prototypical contrastive learning with clustered FL,
PCFedH enhances clustering stability and improves model
personalization under heterogeneous data distributions.

Extensive experiments show a 3.1% reduction in MSE compared to
suboptimal results, demonstrating significant improvement over state-
of-the-art methods.
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