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1 SVM features 481 

Three sets of features were tested for the support vector machine (SVM) classifier: FFT and basic 482 
features, MFCC, and wavelet scattering coefficients. Of the three, the set of FFT and basic features 483 
performed the best. Representative confusion matrices for the other two feature sets are presented in 484 
Supplementary Figure 1. 485 

1.1 FFT and basic features 486 

Audio samples were highpass filtered, normalized, and cut into 0.5 second chunksbefore the 487 
following features were extracted: zero crossing rate, root mean square, energy, spectral centroid, 488 
FFT magnitude. Supplementary Table 1 details regarding these features. The outputs were flattened 489 
to a 1 by 96378 array. PCA was used to reduce dimensionality by keeping the first 1000 principal 490 
components.  491 

 492 

 493 

Supplementary Table 1: Basic feature list 

Feature Libraries Code implementation Dimension 

Zero 
crossing rate 

librosa librosa.zero_crossing_rate(signal).sum() 1 

2-norm scipy scipy.linalg.norm(signal) 1 

Root mean 
square value 

librosa librosa.feature.rms(signal, sr).flatten() 1x188 

Spectral 
centroid 

librosa librosa.feature.spectral_centroid(signal,sr) 1x188 

FFT 
magnitude 

numpy numpy.abs(numpy.fft.fft(signal)).flatten() 1x96000 
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1.2 MFCC 494 

Audio samples were cut into 0.5 second chunks, highpass filtered and normalize, and the following 495 
features were extracted: Mel-frequency Cepstral Coefficients (MFCC) were extracted using the mfcc 496 
function implemented in the librosa python library, returning 20 MFCCs per chunk. 497 

1.3 Wavelet scattering coefficients 498 

Wavelet scattering coefficients were extracted using the kymat.io python library. Audio was 499 
downsampled to 120 kHz, twice the highest frequency of the ultrasonic pulse. The samples were 500 
divided into 1 second chunks, and three levels of scattering coefficients were extracted using scaling 501 
factor 6 and 16 wavelets per octave. 502 
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Supplementary Figure 2. Confusion matrices for the three additional feature sets. Left: SVM model 506 
trained on MFCC features using the full label set of intubation depth and cuff status. Centre: SVM 507 
model trained on the same features for the reduced label set of intubation depth only. Right: SVM 508 
model trained on wavelet scattering coefficients. 509 


