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speech-related variable in a subject; extracting a channel-delay correlation structure of the 

at least one speech-related variable; and generating an assessment of a condition of the 

subject, based on the correlation structure of the at least one speech-related variable. 

[0006] In another embodiment, the present invention is a system for assessing a 

condition in a subject.  The system comprises a speech-related variable measuring unit that 

measures at least one speech-related variable in a subject; a channel-delay correlation 

structure extractor that extracts a correlation structure of the at least one speech-related 

variable; and an assessment generator that generates an assessment of a condition in the 

subject based on the correlation structure of the at least one speech-related variable. 

[006A]     In another embodiment, the present invention provides a method of assessing a 

condition in a subject, the method comprising:  processing an input representing a subject’s 

speech resulting in at least one vocal tract representation of the subject; extracting, by a 

structure extractor, a channel-delay correlation structure of the at least one vocal tract 

representation; and generating an assessment of a condition of the subject, based on the 

correlation structure of the at least one vocal tract representation. 

[006B]     In another embodiment, the present invention provides a system for assessing a 

condition in a subject, the system comprising:  a processing unit that processes an input 

representing a subject’s speech resulting in at least one vocal tract representation of the 

subject; a channel-delay correlation structure extractor that extracts a correlation structure 

of the at least one vocal tract representation; and an assessment generator that generates an 

assessment of a condition in the subject based on the correlation structure of the at least 

one vocal tract representation. 

[006C]     Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or group 

of integers or steps but not the exclusion of any other integer or step or group of integers or 

steps. 

[006D]     The reference in this specification to any prior publication (or information 

derived from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 
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information derived from it) or known matter forms part of the common general 

knowledge in the field of endeavour to which this specification relates. 

[0007] The methods and the systems described herein are advantageously language-

independent.  Additional advantages include channel-independence as the methods and 

systems disclosed herein employ data features that do not change with noise or power. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The patent or application file contains at least one drawing executed in color.  

Copies of this patent or patent application publication with color drawing(s) will be 

provided by the Office upon request and payment of the necessary fee. 

[0009] The foregoing will be apparent from the following more particular description 

of example embodiments of the invention, as illustrated in the accompanying drawings in 

which like reference characters refer to the same parts throughout the different views.  The 

drawings are not necessarily to scale, emphasis instead being placed upon illustrating 

embodiments of the present invention. 

[0010] Figure 1 is a color-coded two-dimensional plot showing an example of a 

channel-delay correlation matrix computed from formant tracks  from a healthy subject 

(top panel) and from a severely depressed subject (bottom panel). 

[0011] Figure 2 is a plot of eigenvalues as a function of eignevalue rank, with 

eigenvalues ordered from largest to smallest (i.e. an eigenspectra), derived from formant 

channel-delay matrices shown in Figure 1. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0019]       A description of example embodiments of the invention follows. 

[0020] As used herein, the term “speech-related variable” means an anatomical or a 

physiological characteristic of a subject that can be measured during the subject’s speech 

and can serve as a basis for generating an assessment of a condition of the subject, as 

described herein.  Examples of speech-related variables include formant frequencies, as 

defined below, Mel Frequency Cepstral Coefficients (MFCC) and Delta Mel Frequency 

Cepstral Coefficients (Delta MFCC), as defined below, prosodic characteristics of speech 

(that is any characteristic of speech that provides information about the timing, intonation, 

and/or energy), facial features of the speaker, and skin conductance of the speaker.   

[0021] Additional examples of speech-related variables include pitch, aspiration, 

rhythm, tremor, jitter, shimmer, other amplitude- and frequency-modulation functions, as 

well as their frequency decompositions. 

[0022] In some embodiments, certain speech-related variables are referred to herein as 

“low-level features.”  Such low-level features include the following. Harmonics-to-noise 

ratio (HNR): HNR is an estimate of the harmonic component divided by the aspiration 

component in voiced speech, and can act as a measure of “breathiness” in a voice. It is 

computed over successive frames (e.g., every 10 ms). Aspiration occurs when turbulence is 

generated at the vibrating vocal folds. 

[0023] Cepstral peak prominence (CPP): CPP is defined as the difference, in dB, 

between the magnitude of the highest peak and the noise floor in the power cepstrum for a 

time interval of greater than about 2 ms and is computed over successive frames (e.g., 

every 10 ms). (The cepstrum is defined as the Fourier transform of the log-spectrum.) 

Several studies have reported strong correlations between CPP and overall dysphonia 

perception, breathiness, and vocal fold kinematics. Facial action units (FAUs).  FAU 

represent measurable differences between facial expressions, and relate to facial features 

derived from optical video of the face that correspond to muscle movements of the face.  

The facial action coding system (FACS) quantifies localized changes in facial expression 

representing facial action units (FAUs) that correspond to distinct muscle movements of 

the face.  
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[0042] As used herein, the term “Mel Frequency Cepstral Coefficients” (MFCC) refers 

to the coefficients that collectively make up a “mel-frequency cepstrum” (MFC), which is 

a representation of the short-term power spectrum of a sound signal.  The term “cepstrum” 

refers to the result of taking the Inverse Fourier transform (IFT) of the logarithm of the 

spectrum of a signal.  The term “mel” refers to the use of the “mel scale” or similar 

filterbank by the methods that obtain MFCC.  The “mel scale” is a perceptual scale of 

pitches judged by listeners to be equal in distance from one another.   

[0043] The MFCCs are commonly derived as follows: (1) Take the Fourier transform 

of a windowed excerpt of a signal.  (2) Apply the mel filterbank to the power spectru 

obtained in (1), sum the energy in each filter.  (The mel-scale filterbank is commonly 

implemented as triangular overlapping windows.)  (3) Take the logarithm of all filterbank 

energies.  (4) Take the discrete cosine transform (DCT) of the list of values obtained in (3) 

to arrive at the MFCCs.  The number of the filters in the mel-scale filter bank dictates the 

number of MFCCs.   

[0044] The Delta MFCCs are computed based on the MFCCs as follows: 

[0045] To calculate the delta coefficients, the following formula can be used: 

 

where  is a delta coefficient, from frame  computed in terms of the MFC coefficients 

ranging from  to .  A typical value for is 1 or 2.  The number of Delta 

MFCC is determined by the number of MFCCs. 

A person of ordinary skill in the art of speech processing can implement the extraction of 

formant frequencies and Delta MFCC from a subject’s speech using well-known 

algorithms described, for example in T.F. Quatieri, Discrete-Time Speech Signal 

Processing: Principles and Practice, Prentice Hall, 2001 (Chapter 5) and D. Mehta, D. 

Rudoy, and P. Wolfe. Kalman-based autoregressive moving average modeling and 

inference for formant and antiformanttracking. The Journal of the Acoustical Society of 

America, 132(3), 1732–1746, 2012. The relevant portions of these publications are 

incorporated herein by reference. 
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[0046] Accordingly, in an example embodiment, the present invention is a method of 

assessing a condition in a subject.  The method comprises measuring at least one speech-

related variable in a subject; extracting a channel-delay correlation structure of the at least 

one speech-related variable; and generating an assessment of a condition of the subject, 

based on the correlation structure of the at least one speech-related variable.  For example, 

the speech-related variables can include a formant frequency or, for example, at least two 

formant frequencies.  Alternatively or additionally, the at least one speech-related variable 

can include a Mel Frequency Cepstral Coefficient (MFCC), or a Delta Mel Frequency 

Cepstral Coefficient (Delta MFCC) or, for example, at least two Delta MFCCs. 

[0047] In example embodiments, the channel-delay correlation structure includes 

channel-delay correlation values and/or channel-delay covariance values.  The correlation 

values and the covariance values can be represented by a channel-delay correlation matrix 

or a channel-delay covariance matrix, respectively. 

[0048] In example embodiments, the method of the present invention can be used to 

generate an assessment of a condition selected from traumatic brain injury, post-traumatic 

stress disorder, Parkinson’s disease, Aphasia, Dysphonia, Autism, Alzheimer’s disease, 

Amyotrophic Lateral Sclerosis (ALS), often referred to as Lou Gehrig’s Disease, stroke, 

sleep disorders, anxiety disorders, multiple sclerosis, cerebral palsy, and major depressive 

disorder (MDD).  In an example embodiment, the condition is MDD. 

[0049] In an example embodiment, the present invention is a method of assessing 

MDD in a subject, comprising measuring the first three formant frequencies in a subject; 

extracting from the first three formant frequencies a correlation structure that includes a 

channel-delay correlation matrix or a channel-delay covariance matrix; and generating an 

assessment of MDD in the subject, based on the correlation structure.�

[0050] In another example embodiment, the present invention is a method of assessing 

MDD in a subject, comprising measuring the first sixteen Delta MFCCs in a subject; 

extracting from the first sixteen Delta MFCCs a correlation structure that includes a 

channel-delay correlation matrix or a channel-delay covariance matrix;�
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

 

1. A method of assessing a condition in a subject, the method comprising: 

processing an input representing a subject’s speech resulting in at least one vocal 

tract representation of the subject; 

extracting, by a structure extractor, a channel-delay correlation structure of the at 

least one vocal tract representation; and 

generating an assessment of a condition of the subject, based on the correlation 

structure of the at least one vocal tract representation. 

2. The method of Claim 1, wherein the at least one vocal tract representation includes 

a formant frequency. 

3. The method of Claim 1 or Claim 2, wherein the at least one vocal tract 

representation includes two or more formant frequencies. 

4. The method of Claim 1, wherein the at least one vocal tract representation includes 

a Mel Frequency Cepstral Coefficient (MFCC). 

5. The method of Claim 1, wherein the at least one vocal tract representation includes 

a Delta Mel Frequency Cepstral Coefficient (Delta MFCC). 

6. The method of Claim 5, wherein the at least one vocal tract representation includes 

two or more Delta MFCC.  

7. The method of any one of Claims 1-6, wherein the channel-delay correlation 

structure includes at least one of channel-delay correlation values and channel-delay 

covariance values. 

8. The method of any one of Claims 1-6, wherein the channel-delay correlation 

structure includes at least one of a channel-delay correlation matrix and a channel-delay 

covariance matrix. 

9. The method of any one of Claims 1-8, wherein the condition is selected from 

traumatic brain injury, post-traumatic stress disorder, Parkinson’s disease, Aphasia, 

Dysphonia, Autism, Alzheimer’s disease, Amyotrophic Lateral Sclerosis (ALS), often 
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referred to as Lou Gehrig’s Disease, stroke, sleep disorders, anxiety disorders, multiple 

sclerosis, cerebral palsy, and major depressive disorder (MDD). 

10. The method of any one of Claims 1-9, wherein the condition is MDD. 

11. The method of any one of Claims 1-10, wherein: 

the at least one vocal tract representation comprise the first three formant 

frequencies; 

a channel-delay correlation structure includes a channel-delay correlation matrix or 

a channel-delay covariance matrix; and 

 the condition is MDD. 

12. The method of any one of Claims 1-10, wherein: 

the at least one vocal tract representation comprise the first sixteen Delta MFCC; 

a channel-delay correlation structure includes a channel-delay correlation matrix or 

a channel-delay covariance matrix; and 

 the condition is MDD. 

13. The method of any one of Claims 1-12, wherein the condition is MDD, and 

wherein generating the assessment of the condition includes generating an estimate of a 

Beck score of the subject, an estimate of a Hamilton-D score of the subject, or an estimate 

of a QIDS score of a subject. 

14. The method of Claim 13, further including displaying the estimate of the Beck 

score, the Hamilton-D score or a QIDS score of the subject. 

15. A system for assessing a condition in a subject, the system comprising: 

a processing unit that processes an input representing a subject’s speech resulting in 

at least one vocal tract representation of the subject; 

a channel-delay correlation structure extractor that extracts a correlation structure 

of the at least one vocal tract representation; and 

an assessment generator that generates an assessment of a condition in the subject 

based on the correlation structure of the at least one vocal tract representation. 

16. The system of Claim 15, wherein the vocal tract representation measuring unit 

measures a formant frequency. 
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17. The system of any Claim 15 or Claim 16, wherein the vocal tract representation 

measuring unit measures at least two formant frequencies. 

18. The system of Claim 15, wherein the speech-related variable measuring unit 

measures a Mel Frequency Cepstral Coefficient (MFCC). 

19. The system of Claim 15, wherein the speech-related variable measuring unit 

measures a Delta Mel Frequency Cepstral Coefficient (Delta MFCC). 

20. A system for assessing a condition in a subject configured to perform all the steps 

of any one of Claims 1-14. 
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speech-related variable in a subject; extracting a channel-delay correlation structure of the 

at least one speech-related variable; and generating an assessment of a condition of the 

subject, based on the correlation structure of the at least one speech-related variable. 

[0006] In another embodiment, the present invention is a system for assessing a 

condition in a subject.  The system comprises a speech-related variable measuring unit that 

measures at least one speech-related variable in a subject; a channel-delay correlation 

structure extractor that extracts a correlation structure of the at least one speech-related 

variable; and an assessment generator that generates an assessment of a condition in the 

subject based on the correlation structure of the at least one speech-related variable. 

[006A]     In another embodiment, the present invention provides a method of assessing a 

condition in a subject, the method comprising:  processing an input representing a subject’s 

speech resulting in at least one vocal tract representation of the subject; extracting, by a 

structure extractor, a channel-delay correlation structure of the at least one vocal tract 

representation; and generating an assessment of a condition of the subject, based on the 

correlation structure of the at least one vocal tract representation. 

 

[006B]     In another embodiment, the present invention provides a system for assessing a 

condition in a subject, the system comprising:  a processing unit that processes an input 

representing a subject’s speech resulting in at least one vocal tract representation of the 

subject; a channel-delay correlation structure extractor that extracts a correlation structure 

of the at least one vocal tract representation; and an assessment generator that generates an 

assessment of a condition in the subject based on the correlation structure of the at least 

one vocal tract representation. 

[006C]     Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or group 

of integers or steps but not the exclusion of any other integer or step or group of integers or 

steps. 
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[006D]     The reference in this specification to any prior publication (or information 

derived from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 
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information derived from it) or known matter forms part of the common general 

knowledge in the field of endeavour to which this specification relates. 

[0007] The methods and the systems described herein are advantageously language-

independent.  Additional advantages include channel-independence as the methods and 

systems disclosed herein employ data features that do not change with noise or power. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The patent or application file contains at least one drawing executed in color.  

Copies of this patent or patent application publication with color drawing(s) will be 

provided by the Office upon request and payment of the necessary fee. 

[0009] The foregoing will be apparent from the following more particular description 

of example embodiments of the invention, as illustrated in the accompanying drawings in 

which like reference characters refer to the same parts throughout the different views.  The 

drawings are not necessarily to scale, emphasis instead being placed upon illustrating 

embodiments of the present invention. 

[0010] Figure 1 is a color-coded two-dimensional plot showing an example of a 

channel-delay correlation matrix computed from formant tracks  from a healthy subject 

(top panel) and from a severely depressed subject (bottom panel). 

[0011] Figure 2 is a plot of eigenvalues as a function of eignevalue rank, with 

eigenvalues ordered from largest to smallest (i.e. an eigenspectra), derived from formant 

channel-delay matrices shown in Figure 1. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0019]       A description of example embodiments of the invention follows. 

[0020] As used herein, the term “speech-related variable” means an anatomical or a 

physiological characteristic of a subject that can be measured during the subject’s speech 

and can serve as a basis for generating an assessment of a condition of the subject, as 

described herein.  Examples of speech-related variables include formant frequencies, as 

defined below, Mel Frequency Cepstral Coefficients (MFCC) and Delta Mel Frequency 

Cepstral Coefficients (Delta MFCC), as defined below, prosodic characteristics of speech 

(that is any characteristic of speech that provides information about the timing, intonation, 

and/or energy), facial features of the speaker, and skin conductance of the speaker.   

[0021] Additional examples of speech-related variables include pitch, aspiration, 

rhythm, tremor, jitter, shimmer, other amplitude- and frequency-modulation functions, as 

well as their frequency decompositions. 

[0022] In some embodiments, certain speech-related variables are referred to herein as 

“low-level features.”  Such low-level features include the following. Harmonics-to-noise 

ratio (HNR): HNR is an estimate of the harmonic component divided by the aspiration 

component in voiced speech, and can act as a measure of “breathiness” in a voice. It is 

computed over successive frames (e.g., every 10 ms). Aspiration occurs when turbulence is 

generated at the vibrating vocal folds. 

[0023] Cepstral peak prominence (CPP): CPP is defined as the difference, in dB, 

between the magnitude of the highest peak and the noise floor in the power cepstrum for a 

time interval of greater than about 2 ms and is computed over successive frames (e.g., 

every 10 ms). (The cepstrum is defined as the Fourier transform of the log-spectrum.) 

Several studies have reported strong correlations between CPP and overall dysphonia 

perception, breathiness, and vocal fold kinematics. Facial action units (FAUs).  FAU 

represent measurable differences between facial expressions, and relate to facial features 

derived from optical video of the face that correspond to muscle movements of the face.  

The facial action coding system (FACS) quantifies localized changes in facial expression 

representing facial action units (FAUs) that correspond to distinct muscle movements of 

the face.  
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[0042] As used herein, the term “Mel Frequency Cepstral Coefficients” (MFCC) refers 

to the coefficients that collectively make up a “mel-frequency cepstrum” (MFC), which is 

a representation of the short-term power spectrum of a sound signal.  The term “cepstrum” 

refers to the result of taking the Inverse Fourier transform (IFT) of the logarithm of the 

spectrum of a signal.  The term “mel” refers to the use of the “mel scale” or similar 

filterbank by the methods that obtain MFCC.  The “mel scale” is a perceptual scale of 

pitches judged by listeners to be equal in distance from one another.   

[0043] The MFCCs are commonly derived as follows: (1) Take the Fourier transform 

of a windowed excerpt of a signal.  (2) Apply the mel filterbank to the power spectru 

obtained in (1), sum the energy in each filter.  (The mel-scale filterbank is commonly 

implemented as triangular overlapping windows.)  (3) Take the logarithm of all filterbank 

energies.  (4) Take the discrete cosine transform (DCT) of the list of values obtained in (3) 

to arrive at the MFCCs.  The number of the filters in the mel-scale filter bank dictates the 

number of MFCCs.   

[0044] The Delta MFCCs are computed based on the MFCCs as follows: 

[0045] To calculate the delta coefficients, the following formula can be used: 

 

where  is a delta coefficient, from frame  computed in terms of the MFC coefficients 

ranging from  to .  A typical value for is 1 or 2.  The number of Delta 

MFCC is determined by the number of MFCCs. 

A person of ordinary skill in the art of speech processing can implement the extraction of 

formant frequencies and Delta MFCC from a subject’s speech using well-known 

algorithms described, for example in T.F. Quatieri, Discrete-Time Speech Signal 

Processing: Principles and Practice, Prentice Hall, 2001 (Chapter 5) and D. Mehta, D. 

Rudoy, and P. Wolfe. Kalman-based autoregressive moving average modeling and 

inference for formant and antiformanttracking. The Journal of the Acoustical Society of 

America, 132(3), 1732–1746, 2012. The relevant portions of these publications are 

incorporated herein by reference. 
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[0046] Accordingly, in an example embodiment, the present invention is a method of 

assessing a condition in a subject.  The method comprises measuring at least one speech-

related variable in a subject; extracting a channel-delay correlation structure of the at least 

one speech-related variable; and generating an assessment of a condition of the subject, 

based on the correlation structure of the at least one speech-related variable.  For example, 

the speech-related variables can include a formant frequency or, for example, at least two 

formant frequencies.  Alternatively or additionally, the at least one speech-related variable 

can include a Mel Frequency Cepstral Coefficient (MFCC), or a Delta Mel Frequency 

Cepstral Coefficient (Delta MFCC) or, for example, at least two Delta MFCCs. 

[0047] In example embodiments, the channel-delay correlation structure includes 

channel-delay correlation values and/or channel-delay covariance values.  The correlation 

values and the covariance values can be represented by a channel-delay correlation matrix 

or a channel-delay covariance matrix, respectively. 

[0048] In example embodiments, the method of the present invention can be used to 

generate an assessment of a condition selected from traumatic brain injury, post-traumatic 

stress disorder, Parkinson’s disease, Aphasia, Dysphonia, Autism, Alzheimer’s disease, 

Amyotrophic Lateral Sclerosis (ALS), often referred to as Lou Gehrig’s Disease, stroke, 

sleep disorders, anxiety disorders, multiple sclerosis, cerebral palsy, and major depressive 

disorder (MDD).  In an example embodiment, the condition is MDD. 

[0049] In an example embodiment, the present invention is a method of assessing 

MDD in a subject, comprising measuring the first three formant frequencies in a subject; 

extracting from the first three formant frequencies a correlation structure that includes a 

channel-delay correlation matrix or a channel-delay covariance matrix; and generating an 

assessment of MDD in the subject, based on the correlation structure.�

[0050] In another example embodiment, the present invention is a method of assessing 

MDD in a subject, comprising measuring the first sixteen Delta MFCCs in a subject; 

extracting from the first sixteen Delta MFCCs a correlation structure that includes a 

channel-delay correlation matrix or a channel-delay covariance matrix;�
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

 

1. A method of assessing a condition in a subject, the method comprising: 

processing an input representing a subject’s speech resulting in measuring at least 

one vocal tract representation of the speech-related variable in a subject; 

extracting, by a structure extractor, a channel-delay correlation structure of the at 

least one vocal tract representationspeech-related variable; and 

generating an assessment of a condition of the subject, based on the correlation 

structure of the at least one vocal tract representationspeech-related variable. 

2. The method of Claim 1, wherein the at least one vocal tract representation speech-

related variable includes a formant frequency. 

3. The method of any one of Claims 1 or Claim 2, wherein the at least one vocal tract 

representation includes speech-related variables are two or more formant frequencies. 

4. The method of Claim 1, wherein the at least one speech-related variable includes a 

facial action unit. 

45. The method of Claim 1, wherein the at least one vocal tract representation speech-

related variable includes a Mel Frequency Cepstral Coefficient (MFCC). 

56. The method of Claim 1, wherein the at least one vocal tract representation speech-

related variable includes a Delta Mel Frequency Cepstral Coefficient (Delta MFCC). 

67. The method of Claim 56, wherein the at least one vocal tract representation 

includes speech-related variables are two or more Delta MFCC.  

78. The method of any one of Claims 1-67, wherein the channel-delay correlation 

structure includes at least one of channel-delay correlation values and channel-delay 

covariance values. 

9. The method of any one of Claims 1-7, wherein the channel-delay correlation 

structure includes channel-delay covariance values. 

810. The method of any one of Claims 1-69, wherein the channel-delay correlation 

structure includes at least one of a channel-delay correlation matrix and a channel-delay 

covariance matrix. 
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11. The method of any one of Claims 1-9, wherein the channel-delay correlation 

structure includes a channel-delay covariance matrix.   

912. The method of any one of Claims 1-811, wherein the condition is selected from 

traumatic brain injury, post-traumatic stress disorder, Parkinson’s disease, Aphasia, 

Dysphonia, Autism, Alzheimer’s disease, Amyotrophic Lateral Sclerosis (ALS), often 

referred to as Lou Gehrig’s Disease, stroke, sleep disorders, anxiety disorders, multiple 

sclerosis, cerebral palsy, and major depressive disorder (MDD). 

103. The method of any one of Claims 1-912, wherein the condition is MDD. 

114. The method of any one of Claims 1-10, wherein: 

the at least one vocal tract representation comprise speech-related variables are the 

first three formant frequencies; 

athe channel-delay correlation structure includes a channel-delay correlation matrix 

or a channel-delay covariance matrix; and 

 the condition is MDD. 

125. The method of any one of Claims 1-10, wherein: 

the at least one vocal tract representation comprise speech-related variables are the 

first sixteen Delta MFCC; 

athe channel-delay correlation structure includes a channel-delay correlation matrix 

or a channel-delay covariance matrix; and 

 the condition is MDD. 

136. The method of any one of Claims 1-125, wherein the condition is MDD, and 

wherein generating the assessment of the condition includes generating an estimate of a 

Beck score of the subject, an estimate of a Hamilton-D score of the subject, or an estimate 

of a QIDS score of a subject. 

147. The method of Claim 136, further including displaying the estimate of the Beck 

score, the Hamilton-D score or a QIDS score of the subject. 

158. A system for assessing a condition in a subject, the system comprising: 
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a processing speech-related variable measuring unit that processes an input 

representing a subject’s speech resulting in measures at least one vocal tract representation 

of the speech-related variable in a subject; 

a channel-delay correlation structure extractor that extracts a correlation structure 

of the at least one vocal tract representationspeech-related variable; and 

an assessment generator that generates an assessment of a condition in the subject 

based on the correlation structure of the at least one vocal tract representationspeech-

related variable. 

169. The system of Claim 157, wherein the vocal tract representation speech-related 

variable measuring unit measures a formant frequency. 

1720. The system of any one of Claims 158 or Claim 169, wherein the vocal tract 

representation speech-related variable measuring unit measures at least two formant 

frequencies. 

21. The system of Claim 17, wherein the at least one speech-related variable includes a 

facial action unit. 

1822. The system of Claim 158, wherein the speech-related variable measuring unit 

measures a Mel Frequency Cepstral Coefficient (MFCC). 

1923. The system of Claim 158, wherein the speech-related variable measuring unit 

measures a Delta Mel Frequency Cepstral Coefficient (Delta MFCC). 

20. A system for assessing a condition in a subject configured to perform all the steps 

of any one of Claims 1-14. 

24. The system of Claim 23, wherein the speech-related variable measuring unit 

measures at least two Delta MFCCs. 

25. The system of any one of Claims 18-24, wherein the channel-delay correlation 

structure extractor extracts channel-delay correlation values.  

26. The system of any one of Claims 1-24, wherein the channel-delay correlation 

structure extractor extracts channel-delay covariance values. 
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27. The system of any one of Claims 1-24, wherein the channel-delay correlation 

structure extractor extracts channel-delay correlation matrix. 

28. The system of Claim 18, wherein the channel-delay correlation structure extractor 

extracts a channel-delay covariance matrix.   

29. The system of any one of Claims 18-28, wherein the assessment generator 

generates an assessment of the condition selected from traumatic brain injury, post-

traumatic stress disorder, Parkinson’s disease, Aphasia, Dysphonia, Autism, Alzeimer’s 

disease, Amyotrophic Lateral Sclerosis (ALS), often referred to as Lou Gehrig’s Disease, 

stroke, sleep disorders, anxiety disorders, multiple sclerosis, cerebral palsy, and major 

depressive disorder (MDD). 

30. The system of any one of Claims 18-29, wherein the assessment generator 

generates an assessment of MDD. 

31. The system of Claim 18, wherein: 

the speech-related variable measuring unit measures the first three formant 

frequencies; 

the channel-delay correlation structure extractor extracts channel-delay correlation 

matrix or a channel-delay covariance matrix; and 

the assessment generator generates an assessment of MDD. 

32. The system of Claim 18, wherein: 

the speech-related variable measuring unit measures the first sixteen Delta MFCC; 

the channel-delay correlation structure extractor extracts channel-delay correlation 

matrix or a channel-delay covariance matrix; and 

the assessment generator generates an assessment of MDD. 

33. The system of Claim 18, wherein the assessment generator generates an assessment 

of MDD, and wherein the assessment includes an estimate of a Beck score, a Hamilton-D 

score or a QIDS score of the subject. 

34. The system of Claim 33, further including a display that displays the estimate of the 

Beck score, the Hamilton-D score, or the QIDS score of the subject. 

35. The system of any one of Claims 18-34, wherein the system is a mobile device. 

20
14

37
43

49
   

  0
9 

O
ct

 2
01

7


	2017-10-09 - WOPA Amendment ITM 2 09-10-2017 SPBI-0001398233

