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S1 and S2 Heart Sound Recognition Using Machine Learning
Techniques in Cattle
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Background and Study type: Accurate identification of heart sounds is fundamental to
cardiovascular examination. In veterinary medicine, auscultation is challenging due to its reliance
on clinical expertise and noisy environments. This applied-developmental study aimed to design
and evaluate an automated system for discriminating the first (S1) and second (S2) heart sounds
in cattle.

Objectives: The primary objective was to develop and assess a deep learning-based model for the
automatic classification of S1 and S2 heart sounds in cattle using audio signals recorded with a
modified conventional stethoscope.

Methods: A total of 28 Holstein dairy cows were enrolled. Heart sounds were recorded for 30
seconds per animal using a microphone attached to the stethoscope's tubing bifurcation. After
manual segmentation and annotation of 825 S1 and S2 sound events, data were split into training
(16 cows), validation (6 cows), and test (6 cows) sets. Mel-Frequency Cepstral Coefficients
(MFCCs) were extracted as features. A Deep Neural Network (DNN) model with one input layer
(70 neurons), a dropout layer, and a softmax activation function was designed and trained using
accuracy metrics. The final model's performance was evaluated on the independent test set using
Accuracy, Precision, Recall, and F1-Score.

Results: The trained DNN model stopped after 537 epochs. Evaluation on the unseen test data
showed that the model could distinguish S1 and S2 sounds with an overall Accuracy of 83.3%.
This result demonstrates the model's acceptable capability for the automated identification of these
key heart sounds, even with data acquired using simple equipment under field conditions.
Conclusions: The proposed model, based on deep learning and MFCC features, showed good
potential for the automatic identification of S1 and S2 heart sounds in cattle. This system can serve
as an initial step and an auxiliary tool for developing more complex diagnostic systems, such as
detecting heart murmurs and arrhythmias in large animals.
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