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CLAIMS 

  What is claimed is: 

1. A computerized system for monitoring a respiratory condition of a human subject, 

the system comprising: one or more processors; and computer memory having computer-

executable instructions stored thereon for performing operations when executed by the one or 5 

more processors, the operations comprising: receiving first audio data comprising voice 

information of the human subject, determining a first phoneme feature set comprising at least one 

acoustic feature characterizing a first portion of the first audio data, the first portion including a 

first phoneme; monitoring the respiratory condition by comparing the first phoneme feature set to 

a second phoneme feature set determined from second audio data. 10 

2. The computerized system of claim 1 further comprising an acoustic sensor 

configured to capture audio information. 

3. The computerized system of claim 2, wherein the acoustic sensor is integrated 

into a smart speaker. 

4. The computerized system of claim 1, wherein the first phoneme feature set 15 

comprises acoustic features characterizing at least one phenome that comprises /a/, /e/, /n/, or 

/m/. 

5. The computerized system of claim 1, wherein the first phoneme feature set 

comprises acoustic features characterizing a first phoneme associated with the first portion of the 

first audio data, a second phoneme associated with a second portion of the first audio data, and 20 

a third phoneme associated with a third portion of the first audio data, wherein the first phoneme 

comprises /a/, the second phoneme comprises /n/, and the third phoneme comprises /m/. 
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6. The computerized system of claim 5, wherein: the acoustic features for the /a/ 

phoneme comprise at least one of: standard deviation of formant 1 (F1) bandwidth, pitch 

interquartile range, spectral entropy determined for 1.6 to 3.2 kilohertz (kHz) frequencies, jitter, 

standard deviation of mel-frequency cepstral coefficient MFCC9  and MFCC12, mean of mel-

frequency cepstral coefficient MFCC6, and spectral contrast determined for 3.2 to 6.4 kHz 5 

frequencies, the acoustic features for the /n/ phoneme comprise at least one of: harmonicity, 

standard deviation of F1 bandwidth, pitch interquartile range, spectral entropy determined for 1.5 

to 2.5 kHz and 1.6 to 3.2 kHz frequencies, spectral flatness determined for 1.5 to 2.5 kHz 

frequencies, standard deviation of mel-frequency cepstral coefficients MFCC1, MFCC2, MFCC3, 

and MFCC11, mean of mel-frequency cepstral coefficient MFCC8, and spectral contrast 10 

determined for 1.6 to 3.2 kHz frequencies, and the acoustic features for the /m/ phoneme 

comprise at least one of: harmonicity, standard deviation of F1 bandwidth, pitch interquartile 

range, spectral entropy determined for 1.5 to 2.5 kHz and 1.6 to 3.2 kHz frequencies, spectral 

flatness determined for 1.5 to 2.5 kHz frequencies, standard deviation of mel-frequency cepstral 

coefficients MFCC2 and MFCC10, mean of mel-frequency cepstral coefficient MFCC8, shimmer, 15 

spectral contrast determined for 3.2 to 6.4 kHz frequencies, and standard deviation of 200 hertz 

(Hz) third-octave band. 

7. The computerized system of claim 1, wherein the operations further comprise: 

performing automatic speech recognition on the first portion of the first audio data to determine a 

first phoneme; and associating the first portion of the first audio data with the first phoneme. 20 

8. The computerized system of claim 7, wherein performing automatic speech 

recognition comprises: determining a text corresponding to the first portion of the first audio data; 

and determining the first phoneme based on the text. 

9. The computerized system of claim 1, wherein the first audio data is associated 

with a first time interval corresponding to a first date-time value and the second audio data is 25 

associated with a second time interval corresponding to a second date-time value, and wherein 

monitoring the respiratory condition of the human subject comprises: determining a feature 

distance measurement of at least a portion of features in the first and second phoneme feature 

sets; and based on the feature distance measurement, determining that the respiratory condition 

of the human subject has changed between the second date-time value and the first date-time 30 

value.   

10. The computerized system of claim 9, wherein the second date-time value occurs 

between 18 and 36 hours after the first date-time value. 

11. The computerized system of claim 1, wherein the operations further comprise: 

receiving a first physiological data for the human subject, the first physiological data being 35 
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associated with a first time interval that is associated with the first audio data; and storing the 

physiological data in the record. 

12. The computerized system of claim 1, wherein the first audio data is associated 

with a first time interval and wherein the operations further comprise determining first contextual 

data for the human subject, the first contextual data being associated with a first time interval and 5 

comprising at least one of physiological data about the human subject, information about a 

location of the human subject during the first time interval, or contextual information associated 

with the first time interval, wherein the first phoneme feature set is further determined based on 

the first contextual data. 

13. The computerized system of claim 1, wherein the first phoneme feature set is 10 

determined from a plurality of other phoneme feature sets, each of the other phoneme feature 

sets being associated with a first date-time value occurring before a second time interval 

associated with the second audio data.   

14. The computerized system of claim 1, wherein comparing the first phoneme feature 

set to the second phoneme feature set comprises determining a Euclidian or Levenshtein 15 

distance between at least a portion of the first phoneme feature set and at least a portion of the 

second phoneme feature set. 

15. The computerized system of claim 1, wherein comparing the first phoneme feature 

set to the second phoneme feature set comprises performing a comparison between at least a 

first feature of the first phoneme feature set and a corresponding second feature of the second 20 

phoneme feature set. 

16. The computerized system of claim 1, wherein monitoring the respirator condition 

of the human subject comprises: performing a comparison of the first phoneme feature set and 

the second phoneme feature set to determine a first feature-set distance; and determining that 

the respiratory condition of the human subject has changed by comparing the first feature-set 25 

distance to a threshold distance.  

17. The computerized system of claim 16, wherein the threshold distance is pre-

determined by a clinician or is automatically determined based on one or more of: physiological 

data of the user, a user setting, or historical respiratory-condition information of the user. 
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18. The computerized system of claim 16, wherein the operations further comprise: 

receiving a third phoneme feature set representing a baseline at a time when the human subject 

is determined to not have the respiratory condition; and wherein monitoring the respirator 

condition of the human subject comprises: performing a comparison of the first phoneme feature 

set and the second phoneme feature set to determine a first feature-set distance; performing a 5 

second comparison between the second phoneme feature set and the third phoneme feature set 

to determine a second feature-set distance; perform a third comparison between the first 

phoneme feature set and the third phoneme feature set to determine a third feature-set distance; 

perform a fourth comparison of the second feature-set distance and the third feature-set distance; 

and based on the fourth comparison, perform one of: providing an indication that the human 10 

subject’s respiratory condition is improving if the second feature-set distance is less than the third 

feature-set distance, providing an indication that the human subject’s respiratory condition is 

worsening if the second feature-set distance is greater than the third feature-set distance or 

providing an indication that the human subject’s respiratory condition is not changing if the second 

feature-set distance equals the third feature-set distance. 15 

19. The computerized system of claim 2, wherein the third phoneme feature set 

representing the baseline comprises phoneme features having feature values determined based 

on an average of a set of phoneme feature values, each phoneme feature value within the set of 

phoneme feature values determined from a different time interval during the time when the human 

subject is determined to not have the respiratory condition. 20 

20. The computerized system of claim 1, wherein the operations further comprise 

initiating an action based on a change in the respiratory condition determined by comparing the 

first phoneme feature set to the second phoneme feature set. 

21. The computerized system of claim 20, wherein initiating an action based on the 

change in the respiratory condition of the human subject comprises issuing a notification to at 25 

least one of: a user device associated with the human subject or a clinician of the human subject; 

scheduling an appointment between the human subject and the clinician of the human subject; 

providing a recommendation to modify treatment of the respiratory condition; and requesting a 

prescription medication refill. 

22. The computerized system of claim 1 further comprising a user device associated 30 

with the human subject, wherein monitoring the respiratory condition of the human subject 

comprises determining a respiratory condition-score based at least on comparing the first 

phoneme feature set to the second phoneme feature set, and wherein the operations further 

comprise causing for display, on a user interface of the user device, the respiratory condition 

score. 35 
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23. The computerized system of claim 1 further comprising a user device associated 

with the human subject, wherein monitoring the respiratory condition of the human subject 

comprises determining a transmission risk level indicating a risk of the human subject transmitting 

an infectious agent associated with the respiratory condition based at least on comparing the first 

phoneme feature set to the second phoneme feature set, and wherein the operations further 5 

comprise causing for display, on a user interface of the user device, the transmission risk level. 

24. The computerized system of claim 1 further comprising a user device associated 

with the human subject, wherein monitoring the respiratory condition of the human subject 

comprises determining a trend in the respiratory condition of the human subject based at least 

on comparing the first phoneme feature set to the second phoneme feature set, and wherein the 10 

operations further comprise causing for display, on a user interface of the user device, the trend 

in the respiratory condition of the human subject. 

25. The computerized system of claim 1, wherein the first portion of the first audio data 

comprises a sustained phonation of a cardinal vowel phoneme and wherein the first phoneme 

feature set is based on a maximum phonation time. 15 

26. The computerized system of claim 1, wherein the first audio data comprises a 

recording of a spoken passage that includes multiple phonemes and wherein the first phoneme 

feature set comprises one or more of a speaking rate, an average pause length, a pause count, 

and a global signal-to-noise ratio. 

27. A computerized method of tracking efficacy of a therapeutic agent for treating a 20 

respiratory condition in a human subject, the computerized method comprising: receiving a first 

phoneme feature set and a second phoneme feature set, each of the first phoneme feature set 

and the second phoneme feature set representing voice information of the human subject, the 

second phoneme feature set being associated with a second date-time value occurring after a 

first date-time value associated with the first phoneme feature set, wherein a time period in which 25 

the therapeutic agent is being administered to the human subject includes at least the second 

date-time value; performing a first comparison of the first phoneme feature set and the second 

phoneme feature set to determine a first feature-set distance; and based on the first feature-set 

distance, determining whether there is a change in the respiratory condition of the human subject. 

28. The computerized method of claim 27, wherein the respiratory condition is a 30 

respiratory infection, and wherein the therapeutic agent is an antimicrobial medication. 

29. The computerized method of claim 28, wherein the therapeutic agent is an 

antibiotic medication. 
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30. The computerized method of claim 28 further comprising, based at least on 

determining whether there is a change in the respiratory condition of the human subject, 

determining a change in efficacy of the antibiotic medication. 

31. The computerized method of claim 27, wherein determining whether there is a 

change in the respiratory condition of the human subject comprises determining whether the 5 

respiratory condition has improved, worsened, or not changed. 

32. The computerized method of claim 27 further comprising: based on the 

determination of whether there is a change in the respiratory condition of the human subject, 

initiating an action for treating the human subject. 

33. The computerized method of claim 32, wherein the action for treating the human 10 

subject is initiated upon determining that the respiratory condition has worsened.  

34. The computerized method of claim 32, wherein the action for treating the human 

subject is initiated upon determining that the respiratory condition has either worsened or not 

changed. 

35. The computerized method of claim 32, wherein the action for treating the human 15 

subject comprising changing a treatment protocol of the human subject. 

36. The computerized method of claim 35, wherein changing the treatment protocol of 

the human subject comprises initiating a recommendation to adjust one or more of the therapeutic 

agent or dosage of the therapeutic agent.   

37. The computerized method of claim 35, wherein changing the treatment protocol of 20 

the human subject comprises sending a message to a care provider of the human subject, the 

message requesting a modification of the treatment protocol of the human subject. 

38. The computerized method of claim 32, wherein the action for treating the human 

subject comprising electronically initiating a refill request for the therapeutic agent with a 

pharmacy determined from an electronic health record (EHR) of the human subject. 25 


