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Dear Commissioner,

This submission is being filed in response to the First Examination Report
dated 4 November 2016.

We attach a First Statement of Proposed Amendments.

We explicitly withdraw any request for postponement of acceptance
previously made.

Amendments

We request leave to amend the complete specification in accordance with
the accompanying Statement of Proposed Amendments. The
amendments do not result in the specification claiming or disclosing
matter beyond that disclosed in the application as filed.

Claims 4, 9, 11, 21 and 24-35 are proposed to be deleted, without
prejudice.

Claim 1 is proposed to me amended to replace “at least one speech
related variable” with “at least one vocal tract representation”. Similar
amendments are also proposed for claims 2-6, 11, 12 and 15-17.
Support for the proposed amendments may be found at least at page 12,
lines 4-8.

Claims 1 and 15 are also proposed to be amended to introduce the feature
of processing an input representing a subject’s speech, resulting in at
least one vocal tract representation. Support for these amendments may
be found at least in Example 1, in particular, sections 2 and 3.

Claims 4, 5, 18 and 19 are also proposed to be amended to correct a
typographical error in the word “Coefficient”. Similar amendments are
also proposed throughout the description.
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The nature and location of the proposed amendments are believed to be clear from the
marked up pages provided.

Amendments are also being proposed to bring the specification into better conformity
with Australian practice.

Remarks
With reference to item 1 of the Examination Report:

The Examiner has objected to claims 1-35 as lacking novelty and inventive step in view
of the disclosures of prior art documents D1. We respectfully disagree and submit that
the claims as amended are both novel and inventive over the prior art.

D1 describes a feature analysis approach that utilises multiple electroencephalogram
(EEG) signals to predict seizures. Seizures are caused by irregular electrical activity in
the brain. Therefore, D1 provides a predictive algorithm that detects changes in brain
dynamics as measured according to the spatiotemporal correlation structure of EEG
signals.

By contrast, the presently claimed invention is directed to a method for assessing a
condition in a subject based upon at least one vocal tract representation. Vocal tract
representations are aspects of speech production, which are used according to the
present invention to assess changes in coordination in vocal tract spectral shape
dynamics (see specification, page 12, lines 2-8). There is no teaching or suggestion in
D1 that vocal tract representations may be used to predict seizures. In fact, the focus of
D1 is to assess the performance of the algorithm in patients with medically intractable
focal epilepsy. Therefore, we submit that the person skilled in the art would not have
been directly led to the presently claimed invention based on the disclosure of D1.

For at least these reasons, we respectfully submit that the present claims are both novel
and inventive over the prior art.

It is submitted that the application is now in order for acceptance.

Yours respectfully,
DAVIES COLLISON CAVE PTY LTD

///Z/Zﬂ

Bill Pickering
Principal
bpickering@davies.com.au

H:\amt\Interwoven\NRPortb\DCC\AMT\15794406_1.docx - 9/10/17



2014374349 (09 Oct 2017

AUSTRALIAN PATENT APPLICATION NO. 2014374349
Massachusetts Institute of Technology

FIRST STATEMENT OF PROPOSED AMENDMENTS

1. Cancel pages 2, 4, 8 and 9 currently on file and substitute with new pages 2, 2a,
4, 8 and 9 (as enclosed with a copy of the original pages showing the
nature/location of the proposed amendments).

2. Cancel claim pages 26-30 currently on file and substitute with new claim pages
26-28 (as enclosed with a copy of the original claim pages showing the
nature/location of the proposed amendments).

9 October 2017
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speech-related variable in a subject; extractinogamnel-delay correlation structure of the
at least one speech-related variable; and gene@tiagsessment of a condition of the
subject, based on the correlation structure oatHeast one speech-related variable.
[0006] In another embodiment, the present invention igstesn for assessing a
condition in a subject. The system comprises adpeelated variable measuring unit that
measures at least one speech-related variablsuhjact; a channel-delay correlation
structure extractor that extracts a correlationcstire of the at least one speech-related
variable; and an assessment generator that geparatesssessment of a condition in the
subject based on the correlation structure of theast one speech-related variable.

[006A] In another embodiment, the present invention pewial method of assessing a
condition in a subject, the method comprising: cessing an input representing a subject’s
speech resulting in at least one vocal tract remtesion of the subject; extracting, by a
structure extractor, a channel-delay correlationcstire of the at least one vocal tract
representation; and generating an assessmentoidiion of the subject, based on the
correlation structure of the at least one vocalttrepresentation.

[006B] In another embodiment, the present inventravides a system for assessing a
condition in a subject, the system comprising:raessing unit that processes an input
representing a subject’s speech resulting in at le@e vocal tract representation of the
subject; a channel-delay correlation structureaettr that extracts a correlation structure
of the at least one vocal tract representation;aanassessment generator that generates an
assessment of a condition in the subject baseldeoadrrelation structure of the at least
one vocal tract representation.

[006C] Throughout this specification and the claims wHiadlow, unless the context
requires otherwise, the word "comprise”, and vemmet such as "comprises” and
"comprising”, will be understood to imply the inslan of a stated integer or step or group
of integers or steps but not the exclusion of ahgiointeger or step or group of integers or
steps.

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

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

acknowledgment or admission or any form of suggadtiat that prior publication (or
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information derived from it) or known matter formpart of the common general
knowledge in the field of endeavour to which ttpedfication relates.

[0007] The methods and the systems described herein eaatageously language-
independent. Additional advantages include chamupendence as the methods and

systems disclosed herein employ data featuresithabt change with noise or power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The patent or application file contains at least draeving executed in color.
Copies of this patent or patent application pullicawith color drawing(s) will be
provided by the Office upon request and payment®fiecessary fee.

[0009] The foregoing will be apparent from the followingyra particular description
of example embodiments of the invention, as ilatst in the accompanying drawings in
which like reference characters refer to the saamtsphroughout the different views. The
drawings are not necessarily to scale, emphadgsadseing placed upon illustrating
embodiments of the present invention.

[0010] Figure 1 is a color-coded two-dimensional plot sinlgnan example of a
channel-delay correlation matrix computed from fantntracks from a healthy subject
(top panel) and from a severely depressed sulijettiofn panel).

[0011] Figure 2 is a plot of eigenvalues as a functiormighevalue rank, with
eigenvalues ordered from largest to smallestdn 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 invamfollows.

[0020] As used herein, the term “speech-related variamledns an anatomical or a
physiological characteristic of a subject that barmeasured during the subject’s speech
and can serve as a basis for generating an assessinaecondition of the subject, as
described herein. Examples of speech-relatedblaganclude formant frequencies, as
defined below, Mel Frequency Cepstral CoefficieM&CC) and Delta Mel Frequency
Cepstral Coefficients (Delta MFCC), as defined belprosodic characteristics of speech
(that is any characteristic of speech that providEgmation about the timing, intonation,
and/or energy), facial features of the speakersiimdconductance of the speaker.

[0021] Additional examples of speech-related variablekige pitch, aspiration,
rhythm, tremor, jitter, shimmer, other amplitudaddrequency-modulation functions, as
well as their frequency decompositions.

[0022] In some embodiments, certain speech-related vasabk referred to herein as
“low-level features.” Such low-level features inde the followingHar monics-to-noise
ratio (HNR): HNR is an estimate of the harmonic component eéwidy the aspiration
component in voiced speech, and can act as a neeafStibreathiness” in a voice. It is
computed over successive frames (e.g., every 10Aspjration 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 anddise floor in the power cepstrum for a
time interval of greater than about 2 ms and ismated over successive frames (e.g.,
every 10 ms). (The cepstrum is defined as the Epbtransform of the log-spectrum.)
Several studies have reported strong correlatiengden CPP and overall dysphonia
perception, breathiness, and vocal fold kinemakesial action units (FAUs). FAU
represent measurable differences between facial expressionsrelate to facial features
derived from optical video of the face that cor@spto muscle movements of the face.
The facial action coding system (FACS) quantif@salized changes in facial expression
representing facial action units (FAUs) that copeex to distinct muscle movements of

the face.



2014374349 (09 Oct 2017

H:\amt\Interwoven\NRPortb\DCC\AMT\15796449 _1.doc¥:@2017

-8-

[0042] As used herein, the term “Mel Frequency Cepstrafftwents” (MFCC) refers
to the coefficients that collectively make up a tfrequency cepstrum” (MFC), which is
a representation of the short-term power spectruensafund signal. The term “cepstrum”
refers to the result of taking the Inverse Foutansform (IFT) of the logarithm of the
spectrum of a signal. The term “mel” refers to tise of the “mel scale” or similar
filterbank by the methods that obtain MFCC. Theel'scale” is a perceptual scale of
pitches judged by listeners to be equal in distdrare one another.

[0043] The MFCCs are commonly derived as follows: (1) TddesFourier transform
of a windowed excerpt of a signal. (2) Apply thelrilterbank to the power spectru
obtained in (1), sum the energy in each filterhgel-scale filterbank is commonly
implemented as triangular overlapping windows.) Ti@ke the logarithm of all filterbank
energies. (4) Take the discrete cosine transf@®il) of the list of values obtained in (3)
to arrive at the MFCCs. The number of the filierthe mel-scale filter bank dictates the
number of MFCCs.

[0044] The Delta MFCCs are computed based on the MFCGsllaw/$:

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

T

N
anl 77((7t+n — Ct—n)
N ‘
2) -1 n?

wheredt is a delta coefficient, from frarte complutetkrms of the MFC coefficients

(1{ ==

ranging from€t+N toCt—N . A typical value /N is 1 or Zhe number of Delta
MFCC is determined by the number of MFCCs.

A person of ordinary skill in the art of speechgessing can implement the extraction of
formant frequencies and Delta MFCC from a subjesppsech using well-known
algorithms described, for example in T.F. QuatiBigcrete-Time Speech Signal
Processing: Principles and Practice, Prentice 2801 (Chapter 5) and D. Mehta, D.
Rudoy, and P. Wolfe. Kalman-based autoregressiwengaverage modeling and
inference for formant and antiformanttracking. Die@irnal of the Acoustical Society of
America, 132(3), 1732-1746, 2012. The relevantipastof these publications are

incorporated herein by reference.
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[0046] Accordingly, in an example embodiment, the pregargntion is a method of
assessing a condition in a subject. The methogadses measuring at least one speech-
related variable in a subject; extracting a chaileéy correlation structure of the at least
one speech-related variable; and generating assiasat of a condition of the subject,
based on the correlation structure of the at leastspeech-related variable. For example,
the speech-related variables can include a forfnagtiency or, for example, at least two
formant frequencies. Alternatively or additionallige at least one speech-related variable
can include a Mel Frequency Cepstral CoefficienEQ\C), or a Delta Mel Frequency
Cepstral Coefficient (Delta MFCC) or, for exampé)east two Delta MFCCs.

[0047] In example embodiments, the channel-delay coroglatiructure includes
channel-delay correlation values and/or channedydebvariance values. The correlation
values and the covariance values can be representdhannel-delay correlation matrix
or a channel-delay covariance matrix, respectively.

[0048] In example embodiments, the method of the preseention can be used to
generate an assessment of a condition selectedifaomatic brain injury, post-traumatic
stress disorder, Parkinson’s disease, Aphasia, DysphAutism, Alzheimer’s disease,
Amyotrophic Lateral Sclerosis (ALS), often refertedas Lou Gehrig’'s Disease, stroke,
sleep disorders, anxiety disorders, multiple sclsragrebral palsy, and major depressive
disorder (MDD). In an example embodiment, the cooliis MDD.

[0049] In an example embodiment, the present inventi@nnsethod of assessing
MDD in a subject, comprising measuring the firsethformant frequencies in a subject;
extracting from the first three formant frequenaesorrelation structure that includes a
channel-delay correlation matrix or a channel-delayariance matrix; and generating an
assessment of MDD in the subject, based on thelation structure.

[0050] In another example embodiment, the present invengi@a method of assessing
MDD in a subject, comprising measuring the firgteen Delta MFCCs in a subject;
extracting from the first sixteen Delta MFCCs aretation structure that includes a

channel-delay correlation matrix or a channel-delayariance matrix;
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THE CLAIMSDEFINING THE INVENTION ARE ASFOLLOWS:

1. A method of assessing a condition in a subjeetmethod comprising:

processing an input representing a subject’s spesstiiting in at least one vocal
tract representation of the subject;

extracting, by a structure extractor, a channedylebrrelation structure of the at
least one vocal tract representation; and

generating an assessment of a condition of theesyijased on the correlation

structure of the at least one vocal tract represient.

2. The method of Claim 1, wherein the at leastweal tract representation includes

a formant frequency.

3. The method of Claim 1 or Claim 2, wherein thé&east one vocal tract

representation includes two or more formant fregie=n

4, The method of Claim 1, wherein the at leastwweal tract representation includes

a Mel Frequency Cepstral Coefficient (MFCC).

5. The method of Claim 1, wherein the at least\voual tract representation includes

a Delta Mel Frequency Cepstral Coefficient (DeltRGL).

6. The method of Claim 5, wherein the at leastwweal tract representation includes

two or more Delta MFCC.

7. The method of any one of Claims 1-6, whereinctennel-delay correlation
structure includes at least one of channel-delaretadion values and channel-delay

covariance values.

8. The method of any one of Claims 1-6, whereinctennel-delay correlation
structure includes at least one of a channel-daganelation matrix and a channel-delay

covariance matrix.

9. The method of any one of Claims 1-8, whereincibredition is selected from
traumatic brain injury, post-traumatic stress digoy Parkinson’s disease, Aphasia,

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

sclerosis, cerebral palsy, and major depressivadis (MDD).
10. The method of any one of Claims 1-9, whereendbndition is MDD.

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

the at least one vocal tract representation compinis first three formant
frequencies;

a channel-delay correlation structure includesamokl-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 compinis first sixteen Delta MFCC;

a channel-delay correlation structure includesamokl-delay correlation matrix or
a channel-delay covariance matrix; and

the condition is MDD.

13. The method of any one of Claims 1-12, whereendondition is MDD, and
wherein generating the assessment of the condiaundes generating an estimate of a
Beck score of the subject, an estimate of a Hami@tore of the subject, or an estimate

of a QIDS score of a subject.

14. The method of Claim 13, further including desphg the estimate of the Beck
score, the Hamilton-D score or a QIDS score ofsthigect.

15. A system for assessing a condition in a subjeetsystem comprising:

a processing unit that processes an input repiagemsubject’s speech resulting in
at least one vocal tract representation of theesuipj

a channel-delay correlation structure extractor ¢éixé&racts a correlation structure
of the at least one vocal tract representation; and

an assessment generator that generates an assessemeondition in the subject

based on the correlation structure of the at leastvocal tract representation.

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

measures a formant frequency.
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17.  The system of any Claim 15 or Claim 16, whetk@évocal tract representation

measuring unit measures at least two formant frecjas.

18. The system of Claim 15, wherein the speechia@l@ariable measuring unit
measures a Mel Frequency Cepstral Coefficient (MFCC

19.  The system of Claim 15, wherein the speechiegleariable measuring unit

measures a Delta Mel Frequency Cepstral Coeffi¢[@elta MFCC).

20. A system for assessing a condition in a sulg@cfigured to perform all the steps
of any one of Claims 1-14.
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speech-related variable in a subject; extractinogamnel-delay correlation structure of the
at least one speech-related variable; and gene@tiagsessment of a condition of the
subject, based on the correlation structure oathHeast one speech-related variable.
[0006] In another embodiment, the present invention igstes for assessing a
condition in a subject. The system comprises adpeelated variable measuring unit that
measures at least one speech-related variablsuhbjact; a channel-delay correlation
structure extractor that extracts a correlationcstire of the at least one speech-related
variable; and an assessment generator that geparatessessment of a condition in the
subject based on the correlation structure of thesst one speech-related variable.

[006A] In another embodiment, the present invention pes/@ method of assessing a

condition in a subject, the method comprisimpyocessing an input representing a subject’s

speech resulting in at least one vocal tract remtesion of the subjecgxtracting, by a

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

representation; angenerating an assessment of a condition of thesulijased on the

correlation structure of the at least one vocadttrapresentation.

[006B]___In another embodiment, the present inventi@viges a system for assessing a

condition in a subject, the system comprisiagprocessing unit that processes an input

representing a subject’s speech resulting in &t ler@e vocal tract representation of the

subject;a channel-delay correlation structure extractor éxéracts a correlation structure

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

assessment of a condition in the subject basedeoodrrelation structure of the at least

one vocal tract representation.

[006C]__ Throughout this specification and the claims wHilow, unless the context

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

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

of integers or steps but not the exclusion of a@hgointeger or step or group of integers or

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

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

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

knowledge in the field of endeavour to which theafication relates.

[0007] The methods and the systems described herein eaatageously language-
independent. Additional advantages include chamupendence as the methods and

systems disclosed herein employ data featuresithabt change with noise or power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The patent or application file contains at least draeving executed in color.
Copies of this patent or patent application pulilicawith color drawing(s) will be
provided by the Office upon request and payment@®fiecessary fee.

[0009] The foregoing will be apparent from the followingyra particular description
of example embodiments of the invention, as ilatst in the accompanying drawings in
which like reference characters refer to the saamtsphroughout the different views. The
drawings are not necessarily to scale, emphadgsadseing placed upon illustrating
embodiments of the present invention.

[0010] Figure 1 is a color-coded two-dimensional plot sinlgnan example of a
channel-delay correlation matrix computed from fantntracks from a healthy subject
(top panel) and from a severely depressed sulijettiofn panel).

[0011] Figure 2 is a plot of eigenvalues as a functiomighevalue rank, with
eigenvalues ordered from largest to smallestdn 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 invamfollows.

[0020] As used herein, the term “speech-related variambledns an anatomical or a
physiological characteristic of a subject that barmeasured during the subject’s speech
and can serve as a basis for generating an assessinaecondition of the subject, as
described herein. Examples of speech-relatedblaganclude formant frequencies, as
defined below, Mel Frequency Cepstral Coeéfits (MFCC) and Delta Mel Frequency
Cepstral Coeffients (Delta MFCC), as defined below, prosodic ottarstics of speech
(that is any characteristic of speech that providEgmation about the timing, intonation,
and/or energy), facial features of the speakersiimdconductance of the speaker.

[0021] Additional examples of speech-related variablekigte pitch, aspiration,
rhythm, tremor, jitter, shimmer, other amplitudaddrequency-modulation functions, as
well as their frequency decompositions.

[0022] In some embodiments, certain speech-related vasabk referred to herein as
“low-level features.” Such low-level features inde the followingHar monics-to-noise
ratio (HNR): HNR is an estimate of the harmonic component éwidy the aspiration
component in voiced speech, and can act as a neeafStbreathiness” in a voice. It is
computed over successive frames (e.g., every 10Asp)ration 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 anddise floor in the power cepstrum for a
time interval of greater than about 2 ms and ismated over successive frames (e.g.,
every 10 ms). (The cepstrum is defined as the Epbtransform of the log-spectrum.)
Several studies have reported strong correlatiengden CPP and overall dysphonia
perception, breathiness, and vocal fold kinemakesial action units (FAUs). FAU
represent measurable differences between facial expressionsrelate to facial features
derived from optical video of the face that cor@spto muscle movements of the face.
The facial action coding system (FACS) quantifesalized changes in facial expression
representing facial action units (FAUs) that copeex to distinct muscle movements of

the face.
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[0042] As used herein, the term “Mel Frequency Cepstrafftnents” (MFCC) refers
to the coefficients that collectively make up a tfrequency cepstrum” (MFC), which is
a representation of the short-term power spectruensafund signal. The term “cepstrum”
refers to the result of taking the Inverse Foutgnsform (IFT) of the logarithm of the
spectrum of a signal. The term “mel” refers to tise of the “mel scale” or similar
filterbank by the methods that obtain MFCC. Theel'scale” is a perceptual scale of
pitches judged by listeners to be equal in distdrare one another.

[0043] The MFCCs are commonly derived as follows: (1) TddesFourier transform
of a windowed excerpt of a signal. (2) Apply theldilterbank to the power spectru
obtained in (1), sum the energy in each filterhgel-scale filterbank is commonly
implemented as triangular overlapping windows.) Ti@ke the logarithm of all filterbank
energies. (4) Take the discrete cosine transf@®il) of the list of values obtained in (3)
to arrive at the MFCCs. The number of the filierthe mel-scale filter bank dictates the
number of MFCCs.

[0044] The Delta MFCCs are computed based on the MFCGsllaw/$:

[0045] To calculate the delta coefficients, the followiegmula can be used:
N
Z,,;] ”(('H—n — Ct—n)
¢ .‘\r -2
2 Z n=1 n

wheredt is a delta coefficient, from frarte computeterms of the MFC coefficients

(1{ -

ranging from©t+N toCt—N . A typical value fc/N'  is 1 or Zhe number of Delta
MFCC is determined by the number of MFCCs.

A person of ordinary skill in the art of speechgessing can implement the extraction of
formant frequencies and Delta MFCC from a subjesppsech using well-known
algorithms described, for example in T.F. QuatiBigcrete-Time Speech Signal
Processing: Principles and Practice, Prentice 2801 (Chapter 5) and D. Mehta, D.
Rudoy, and P. Wolfe. Kalman-based autoregressiwengaverage modeling and
inference for formant and antiformanttracking. Die@irnal of the Acoustical Society of
America, 132(3), 1732-1746, 2012. The relevantipastof these publications are

incorporated herein by reference.
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[0046] Accordingly, in an example embodiment, the pregargntion is a method of
assessing a condition in a subject. The methogadses measuring at least one speech-
related variable in a subject; extracting a chaileéhy correlation structure of the at least
one speech-related variable; and generating assrasat of a condition of the subject,
based on the correlation structure of the at leastspeech-related variable. For example,
the speech-related variables can include a forfnagtiency or, for example, at least two
formant frequencies. Alternatively or additionallige at least one speech-related variable
can include a Mel Frequency Cepstral CoefficienEQ\C), or a Delta Mel Frequency
Cepstral Coeffient (Delta MFCC) or, for example, at least two B&tFCCs.

[0047] In example embodiments, the channel-delay coroglatiructure includes
channel-delay correlation values and/or channedydebvariance values. The correlation
values and the covariance values can be representdhannel-delay correlation matrix
or a channel-delay covariance matrix, respectively.

[0048] In example embodiments, the method of the preseention can be used to
generate an assessment of a condition selectedifaomatic brain injury, post-traumatic
stress disorder, Parkinson’s disease, Aphasia, DysphAutism, Alheimer’s disease,
Amyotrophic Lateral Sclerosis (ALS), often refertedas Lou Gehrig’'s Disease, stroke,
sleep disorders, anxiety disorders, multiple sclsragrebral palsy, and major depressive
disorder (MDD). In an example embodiment, the coordis MDD.

[0049] In an example embodiment, the present inventi@nnsethod of assessing
MDD in a subject, comprising measuring the firsethformant frequencies in a subject;
extracting from the first three formant frequenaesorrelation structure that includes a
channel-delay correlation matrix or a channel-delayariance matrix; and generating an
assessment of MDD in the subject, based on thelation structure.

[0050] In another example embodiment, the present invengi@a method of assessing
MDD in a subject, comprising measuring the firgteen Delta MFCCs in a subject;
extracting from the first sixteen Delta MFCCs aretation structure that includes a

channel-delay correlation matrix or a channel-delayariance matrix;
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THE CLAIMSDEFINING THE INVENTION ARE ASFOLLOWS:

1. A method of assessing a condition in a subfeetmethod comprising:

processing an input representing a subject’s spestiiting in-measuringt least
onevocal tract representation of the-speech-relateidbe-in-asubject;

extracting by a structure extractca, channel-delay correlation structure of the at
least onevocal tract representationspeech-related-varjand

generating an assessment of a condition of theesyligased on the correlation
structure of the at least omecal tract representatienspeech-related-variable

2. The method of Claim 1, wherein the at least\arl tract representatier-speech-
related-variabléncludes a formant frequency.

3. The method ofny-enre-eClaims 1 orClaim 2, wherein thet least one vocal tract
representation includes-speech-related-variabietsvaror more formant frequencies.

45. The method of Claim 1, wherein the at leastwm&l tract representatiehr-speech-

related-variabléncludes a Mel Frequency Cepstral Coeéfic (MFCC).

56. The method of Claim 1, wherein the at leastwm&l tract representatiehr-speech-
related-variabléncludes a Delta Mel Frequency Cepstral Cogdfit (Delta MFCC).

6. The method of Clairg6, wherein theat least one vocal tract representation

includes-speech-related-variablestave or more Delta MFCC.

78. The method of any one of Claim$&Z; wherein the channel-delay correlation

structure includest least one athannel-delay correlation valuesd channel-delay

covariance values

810 The method of any one of Claim$%; wherein the channel-delay correlation

structure includest least one c& channel-delay correlation mataxd a channel-delay

covariance matrix
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912 The method of any one of Claims314, wherein the condition is selected from
traumatic brain injury, post-traumatic stress digoy Parkinson’s disease, Aphasia,
Dysphonia, Autism, Alzeimer’'s disease, Amyotrophic Lateral Sclerosis (Ald$ten
referred to as Lou Gehrig’s Disease, stroke, stksprders, anxiety disorders, multiple

sclerosis, cerebral palsy, and major depressivedis (MDD).
103. The method of any one of Claim®12, wherein the condition is MDD.

114. The method ofnyone ofClaims 1-10, wherein:
theat least one vocal tract representation comprisectpeelated-variablesatiee

first three formant frequencies;

athechannel-delay correlation structure includes aanb&delay correlation matrix
or a channel-delay covariance matrix; and
the condition is MDD.

125.  The method ofny one ofClaims 1-10, wherein:

theat least one vocal tract representation comprisectprelated-variablesatiege
first sixteen Delta MFCC;

athechannel-delay correlation structure includes annbkdelay correlation matrix
or a channel-delay covariance matrix; and
the condition is MDD.

136. The method of any one of Claims 25] wherein the condition is MDD, and
wherein generating the assessment of the conditndes generating an estimate of a
Beck score of the subject, an estimate of a HamMi@tore of the subject, or an estimate
of a QIDS score of a subject.

147. The method of Claim3E, further including displaying the estimate of Beck

score, the Hamilton-D score or a QIDS score ofsthigect.

158. A system for assessing a condition in a subfhretsystem comprising:
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aprocessin ' mipthatprocesses an input

representing a subject’s speech resulting-ir-meaatiteast ongocal tract representation

of the-speech-related-variable-isubject;

a channel-delay correlation structure extractor ¢éixé&racts a correlation structure

of the at least oneocal tract representationspeech-related-var; @ld
an assessment generator that generates an assesseneandition in the subject

based on the correlation structure of the at leastocal tract representatienspeech-
s

169. The system of Claim5F, wherein thesocal tract representation-speech-related

variablemeasuring unit measures a formant frequency.

1720 The system of angne-efClaims 158 or Claim 169, wherein thesocal tract

representation-speech-related-variaheasuring unit measures at least two formant
frequencies.

1822 The system of ClaimSB, wherein the speech-related variable measurintg uni

measures a Mel Frequency Cepstral Coeffit(MFCC).

1923 The system of ClaimSB, wherein the speech-related variable measurintg uni

measures a Delta Mel Frequency Cepstral CoefitqDelta MFCC).

20. A system for assessing a condition in a sulg@cfigured to perform all the steps

of any one of Claims 1-14.
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