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Image analysis  

We estimated normalized smoke concentration in the exhaled air from the light scattered by the 

particles. The analysis was based on principle that the intensity of scattered light was proportional to 

particle concentration under the conditions that the intensity of laser illumination and the size and 

shape of the smoke particles were constant (monodisperse).1  

 

Image capture and frame extraction 

Motion video of at least 20 breathing cycles at specified air flow rate was captured and individual 

frames extracted as gray scale bitmaps for intensity analysis. Frames are extracted from the beginning 

of each inspiration, to generate an ensemble average for the corresponding instant of the respiratory 

cycle.2-10 The time at which the normalized concentration contours spread over the widest region, from 

the nostrils of the HPS, was chosen for the ensemble average to estimate the greatest dispersion 

distance. This was found to be approximately at the mid-respiratory cycle.2-10 

 

Intensity averaging and concentration normalization 

All gray scale frames were read into a program specifically developed for this study (MathCad 8.0, 

Cambridge, MA, USA) along with background intensity images taken with the laser switched off.2-10 

The background intensity image was subtracted from each frame, pixel by pixel to remove any stray 

background light and the pixel intensity values were averaged over all frames to determine the 

ensemble averaged intensity. The resulting image was the total intensity of light scattered 

perpendicular to the light sheet by the smoke particles and was directly proportional to smoke 

concentration under the conditions mentioned above. The image was normalized against the highest 

intensity found within the leakage jet plume to generate normalized particle concentration contours.2-
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Supplemental figure S1. Changes of exhaled air dispersion with increasing flow rate and worsening 

degree of lung injury in high flow nasal cannula. 
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Supplementary figures S2a and b showing exhaled air dispersion from the ResMed Quattro 

face mask and a close up view of the mask respectively 
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Supplementary figure S3a and b showing box plots of exhaled air dispersion distances from the 

ResMed and Respironics nasal pillows respectively 

 

 


