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FIG. 5 
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FIG. 6 
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FIG. 10 
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FIG. 18 
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FIG. 19 
 

Obtaining an in-ear signal data of a user 

Filtering the in-ear signal data to obtain a breathing 

signal data 

Segmenting the breathing signal data into a 

plurality of frames with a window sliding algorithm 

Extracting a plurality of features from each frame in 

the plurality of frames 

Feeding the plurality of features from each frame to 

a trained machine learning model 

Obtaining a breathing mode estimation for each 

frame from the trained machine learning model 

Applying a moving average algorithm to the 

breathing mode estimation for the plurality of 

frames to correct an error if present in the 

breathing mode estimation to provide a plurality of 

corrected frames 

Identifying a breathing mode for each frame of the 

plurality of corrected frames 
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FIG. 20 

 

Obtaining an in-ear signal data of a user 

Filtering the in-ear signal data to obtain a gait 

signal data 

Segmenting the gait signal data with an envelope-

based algorithm to obtain a segmented peak 

Extracting a plurality of features in the segmented 

peak 

Feeding the plurality of features from the 

segmented peak to a trained machine learning gait 

model 

Obtaining a gait of the user for the segmented 

peak from the trained machine learning model 
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FIG. 21 

 

 

 

 

if the ambient noise level is at or above the 

threshold level, estimating a residual noise level 

from the out-ear signal data; and subtracting the 

residual noise level from the in-ear signal data to 

denoise the in-ear signal data 

Obtaining an in-ear signal data of a user 

Obtaining an out-ear signal data 

2102 

2100 

2104 

Determining from the out-ear signal data if an 

ambient noise level is above a threshold level 

if the ambient noise level is below the threshold 

level, determine that the in-ear signal data need 

not be denoised 

2106 

2108 

2110 


