Diffusion-Based Conditional Phonocardiogram Generation: Multichannel Audio
from a Single Channel Source

Introduction

The leading cause of death globally each year is cardiovascular disease [1], with prompt
diagnosis being required to manage the disease. Auscultation, the most common non-
invasive pre-screening method, lacks accuracy [2,3], emphasising a need for reliable
alternatives. Multichannel computer-aided pre-screening has found greater success over
a single channel [4]; however, limited multichannel phonocardiogram data makes it hard
to train robust classifiers. Recent innovations in audio synthesis using diffusion models
such as DiffWave [5] make it possible to generate multichannel audio from a single
channel source.

Methods

Recordings were obtained from subjects using a multichannel device with six
phonocardiogram sensors recording at different auscultation sites [6]. Ninety-six patients
were diagnosed with coronary artery disease through angiography, and 58 were control
patients. Using 232 minutes of audio taken from these patients, a 60%-20%-20% train-
validation-test split was used.

Pre-processing consisted of a bandpass filter between 25-400Hz. Additional data
augmentation, such as time stretching, rearranging of heart cycles and addition of
filtered noise, was also applied to the signals during training to increase data distribution.

Based on the DiffWave architecture, as shown in Figure 1, a diffusion model was trained
on each channel as the reference and each other channel as the conditioner to allow for
all channels to be generated from one source signal.
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Figure 1. Diffusion Model Architecture.




Results

Figure 2 below compares the generated, reference and conditioning signals where the
model tries to generate the reference signal from the conditioning.
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Figure 2. Comparison of generated (first row), reference (second row) and conditioning (third
row) signals

Conclusion

The results show that more multichannel data can be created from existing single-
channel datasets, the first work in this area, allowing easier training of deep-learning-
based classification models.
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