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@ g(m) is the modulation frequency analysis window.
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EXAMPLE III: KERATOSIS (LEFT), NODULES
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DiMENSIONALITY REDUCTION, HO-SVD

n—mode singular vectors:

o Let consider tensor D € Rhxkxlh
e Unfold D to D,:
@ /1 x k13 matrix Dy
© h x I matrix D(y)
@ /3 x I, matrix Dy,
The n-mode singular values and vectors: SVD of D(p.
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DIMENSIONALITY REDUCTION, HO-SVD

DEFINITION (UNITARY MATRIX)
An (I, x I,) unitary matrix UM, n=1,2, 3, contains the
n-mode singular vectors (SVs):

u™ = Ui Ul U] (1)

Each matrix U(") can directly be obtained as the matrix of left
singular vectors of the “matrix unfolding” D, of D along the
corresponding mode.




Advances in
Speech Signal
Processing for
Voice Quality

Assessment

Yannis
Stylianou

Outline of the
talk

Modulation

spectra
Principle
Examples of MS
Muilti-linear
Algebra

Features
selection

AVF using MS
Comparisons

Tremor
Estimation

Acknowledg-
ments

References

DiMENSIONALITY REDUCTION, HO-SVD

D=S§ X1 Uaf X2 Umf X3 Usamples

S is referred to as core tensor (same dimensions as D)

U.r € Ri*h s the unitary matrix of the acoustic
frequency subspace.

U,.r € R2X2 s the unitary matrix of the modulation
frequency subspace.

U, € RB*5 is the samples subspace matrix.

X, denotes n—mode product.
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DiMENSIONALITY REDUCTION, HO-SVD

@ Create tensors: D € R"*2*5 and decompose it to its
n—mode singular vectors:

D=S X1 Uaf X2 Umf X3 Usamples

© Rank the n—mode singular values

@ Near-optimal projections (PCs): truncate Singular
Matrices so that we keep a% “energy” of D
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MUTUAL INFORMATION

Mutual Information between two random variables x; and Xx; is
defined as:

Pii(xi, x;)
1(xi; xj) = /dx,-/dx-P,--(x,-,x-) log [H}
/ SRR Pilxi) Pi()
where

@ Pjj(xi, x;) denotes the joint probability density function
(pdf)
@ Pi(x;) and Pj(x;) denote the marginal pdfs
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MAXIMAL RELEVANCE CRITERION

Select the most relevant features to the target class c:

@ Compute the mutual information /(x;j; c) between feature
x; and class ¢

@ Rank all the computed /(x;; ¢)
© Select the top m features
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FEATURE EXTRACTION

Data tensor D € R257%257x600
0, € R257x34

0, € RZ57x34

Z c R34><34
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REsuULTS: DETECTION

Normophonic/Dysphonic:
Optimal detection accuracy (DCFqpt): 94.08% (+0.86) using
the top m = 25 features (AUC = 97.75% in terms of ROC)
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RESuULTS: CLASSIFICATION

Classify: vocal fold polyp, adductor spasmodic dysphonia,
keratosis leukoplakia, and vocal nodules

MSMR FD-GA

DCFope (%) | AUC (%) | m | DR (%)
Pol/Add | 88.33+2.64 | 9574 | 60| 82.5
Pol/Ker | 86.11+552 | 9361 |80| 8.8
Pol/Mod || 91.25£3.13 | 95.03 |20 | 87.5

where: FD-GA stands for Fisher distance and Genetic
Algorithms (Hosseini et al. 2008)
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CROSS-DATABASE EXPERIMENT

MFCC MRMS Fusion
MEEI 8.47 6.29 (125) 3.63
PdA 22.86 | 17.67 (125) | 12.15
PdA-MEEI || 28.24 | 24.40 (125) | 16.87
MEEI-PdA || 30.97 | 26.07 (450) | 21.86
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DEFINE VOCAL TREMOR

@ Vocal Tremor: Involuntary modulations of frequency
and/or amplitude in sustained phonation.
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DEFINE VOocAL TREMOR

@ Vocal Tremor: Involuntary modulations of frequency
and/or amplitude in sustained phonation.
o Pathological & Physiological Vocal Tremor.

e Pathological Tremor: From diseases like Parkinson,
essential tremor, etc. = Strong motor synchronization.

e Physiological Tremor: Natural stochastic modulations in
the interval [2, 15]Hz with low amplitude.
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DEFINE VOocAL TREMOR

@ Vocal Tremor: Involuntary modulations of frequency
and/or amplitude in sustained phonation.
o Pathological & Physiological Vocal Tremor.

e Pathological Tremor: From diseases like Parkinson,
essential tremor, etc. = Strong motor synchronization.

e Physiological Tremor: Natural stochastic modulations in
the interval [2, 15]Hz with low amplitude.

@ Acoustic Vocal Tremor Attributes:
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DEFINE VOocAL TREMOR

@ Vocal Tremor: Involuntary modulations of frequency
and/or amplitude in sustained phonation.
o Pathological & Physiological Vocal Tremor.
e Pathological Tremor: From diseases like Parkinson,
essential tremor, etc. = Strong motor synchronization.
e Physiological Tremor: Natural stochastic modulations in
the interval [2, 15]Hz with low amplitude.
@ Acoustic Vocal Tremor Attributes:
e Modulation Frequency: How fast are the modulations.
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DEFINE VOocAL TREMOR

@ Vocal Tremor: Involuntary modulations of frequency
and/or amplitude in sustained phonation.
o Pathological & Physiological Vocal Tremor.

e Pathological Tremor: From diseases like Parkinson,
essential tremor, etc. = Strong motor synchronization.

e Physiological Tremor: Natural stochastic modulations in
the interval [2, 15]Hz with low amplitude.

@ Acoustic Vocal Tremor Attributes:

e Modulation Frequency: How fast are the modulations.
o Modulation Level: How strong are the modulations.
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AM-FM DECOMPOSITION USING AQHM

@ Speech is modeled as a sum of AM-FM sinusoids:
K
s(t) = aw(t)cos(¢u(t))
k=1

K is the number of components,
ak(t) is the instantaneous amplitude of the k" sinusoid,
#x(t) is the instantaneous phase of the k' sinusoid, and

fi(t) = &= dd’;t(t) is the instantaneous frequency of the k'

sinusoid.

o AM-FM decomposition algorithm tries to estimate the
instantaneous components.
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PREPROCESSING OF INST. COMPONENT

@ Downsample inst. component to f; = 1000Hz

@ Remove the very slow (< 2Hz) modulations of the
instantaneous component.
@ This is performed by Savinzky-Golay smoothing filter.
e 5S-G smoothing filter performs a local polynomial
regression.
o S-G filter parameters: 4th order polynomial & 1lsec frame
size.
e Advantage: Preserve features of the time-series such as
relative maxima, minima and width.
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VOICE FATIGUE AND ACOUSTIC FEATURES OF
VocAL LOADING

@ Voice Fatigue
o Strain of the laryngeal tissues.
e Relation between occupational voice fatigue and voice
pathologies.
@ Acoustic Features

o Fundamental frequency raise.
e Sound pressure raise.
o Vocal tremor attributes raise (Boucher et 2008)

o strain of the laryngeal muscles may affect the speaker’s
ability to sustain constant tension of the vocal folds.
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EXAMINING THE RELATIONSHIP BETWEEN
VocAL LOADING AND TREMOR ATTRIBUTES

@ Estimating vocal tremor attributes:
e extract instantaneous frequency and instantaneous
amplitude.
@ Comparing vocal tremor attributes before and after vocal
loading:
e compare the modulation frequencies and the modulation
levels of two voiced signals of the same speaker before and
after vocal loading.
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DEFINITIONS

@ Vocal Loading Amplitude Indicator (VLAI) = Mean
modulation level after loading - Mean modulation level
before loading.

@ Vocal Loading Frequency Indicator (VLFI) = Mean
modulation frequency after loading - Mean modulation
frequency before loading.

e positive value: increase of vocal tremor attributes =
possible degradation of voice.

o negative value: decrease of vocal tremor attributes =
possible enhancement of voice.
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DB1: COoMPARING VLAI AND VLFI TO
SUBJECTIVE EVALUATIONS (SE)

ey Speakerid || VLAl | VLFI | Student SE | Trainer SE
Yannis P re: POSt
i < 1 -0.03 | 0.78 -1 0:1

Outline of the GE) 2 006 -047 -1 -1:-1.5

:'kd | o 5 017 | 0.12 3 15-15
odulation

spectra o 4 -0.03 -0.07 0 -1:-0.5

Tremor § 3 -0.01 | -0.21 -3 -2:-2.5

Estimation

I‘ntro.duc_tion 6 O . 08 —0 . 0 ]. 0 - 1 :—2

Vocal Fatigue

Acknowledg- Reminder:

Reforences e Student SE: 0 (no tired) to -3 (very tired).

e Trainer SE: -3 (being very poor voice) to +3 (being

excellent).
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SUMMARY FOR THIS TASK

@ No relation seems to be between vocal loading and voice
tremor.

@ There is a correlation between objective and subjective
evaluations for voice quality assessment.
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