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Aims: Cardiac auscultation represents arguably the most cost-effective screen-
ing method for a number of heart diseases. Precious diagnostic information, 
such as indicators of pulmonary arterial hypertension, can be retrieved from 
the separation of the second heart sound (S2) into its two constituent compo-
nents: one generated by the closure of the aortic valve (A2) and one generated 
by the closure of the pulmonary valve (P2). However, the separation of these 
components is very challenging, due mostly to the large time-frequency over-
lap of the two components, as well as their similar morphological signatures. 
In contrast with previous attempts appeared in the literature, which leverage 
predetermined waveform models to separate A2 and P2, the proposed approach 
learns the shape of A2 and P2 from training data and uses such knowledge to 
separate the constituents of unseen S2 sounds. 
Methods: The proposed method is based on the observation of multiple S2 
sounds from different heartbeats of a single recording. A joint Gaussian mix-
ture model (GMM) for A2 and P2 components is learnt from training data. 
Then, separation of the two components is allowed by their different dynamical 
behavior: the A2 is static along different heart beats, whereas the P2 has mov-
ing onsets in different respiration phases. This implies that the marginal GMMs 
modeling A2 and P2 present class-conditioned covariances with different 
structure, thus allowing efficient separation via a closed-form conditional 
mean estimator.  
Results: The proposed approach was tested over synthetic data and compared 
with a recent approach that estimates A2s by averaging over different S2 
sounds in a given recording (Tang et al. (2017)).  

 
Fig. 1: Normalized root mean-squared error (NRMSE) and reconstruction example. 

 
Conclusion: Although more extensive testing of the proposed method is still 
required, especially on real signals, the reported results show the potential of 
the proposed method, and learning methods in general, for reliable blind source 
separation of the second heart sound. 


