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© Introduction

© Glottal source modeling & Voice production model

© Analysis

@ Application - Voice transformation
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Introduction
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Motivations and Applications

Applications:
@ Voice tranformation
@ Speech synthesis

@ Identity conversion

@ Expressive synthesis
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Motivations and Applications

— For ...
Applications: or

o Contemporary musique, sound

@ Voice tranformation . :
installations

° Speefh syntheS|.s, @ Music and Cinema
@ Identity conversion o Video games

@ Expressive synthesis

@ Comunication technologies
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Approach based on signal processing
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Voice production
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Approach based on signal processing

Source-filter model:
S(w) = G¥%(w) - C%(w) - L% (w)

Waveform = Glottal-Source - Vocal-Tract-Filter - Radiation
with the parameters 6, 6., 0, of each element
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Approach based on signal processing

Source-filter model:
S(w) = G¥%(w) - C%(w) - L% (w)

Waveform = Glottal-Source - Vocal-Tract-Filter - Radiation
with the parameters 6, 6., 0, of each element

Model inversion:
E.G. General expression of the glottal source:

5(w)
Cl(w) - L9 (w)

G(w) =
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Approach based on signal processing

Source-filter model:
S(w) = G¥%(w) - C%(w) - L% (w)

Waveform = Glottal-Source - Vocal-Tract-Filter - Radiation
with the parameters 6, 6., 0, of each element

Model inversion:
E.G. General expression of the glottal source:

S(w)

)= ) @)

+ Simplicity of inversion
— Strong approximation
hyp: Sufficient for voice manipulation with respect to perception
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Glottal source modeling & Voice production model
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The glottal source G(W) - Vocal folds, Glottal area and Flow

f

Vocal Tract

Glottal area Glottal flow

AN

Glottal flow

Amplitude

Vocal fold—__ -

dAera/dt

(©Erkki Bianco & Ircam property [1]

Glottal flow Air flow going through the glottis.
Glottal source in the source-filter model is an approximation of the
glottal flow which should be suffisant for perceptual
manipulation of the voice.

1 http://gillesdegottex.eu/IrcamUSC
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The glottal source G(w) - The Transformed Liljencrants-Fant model (LF)
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The glottal source G(w) - The Transformed Liljencrants-Fant model (LF)
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(AN

Glottal flow
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Glottal model = analytical description of the deterministic component
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The glottal source G(w) - its use

Given a glottal model:
* How to estimate its parameters ?
* Comment estimer le filtre du conduit-vocal ?

* Comment transformer et synthétiser un signal vocal ?
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The glottal source G(W) - Mixed-phase property of the glottal pulse

The glottal pulse is a mixed-phase signal.
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The Vocal Tract Filter C(w)

It represents the resonnances and anti-resonnances of the vocal tract.

Amplitude [dB]

1 1 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000
Frequency [Hz]

Passivity: The poles are inside the UC.
Postulate: The zeros are also inside the UC.
= C(w) is minimum-phase.

This difference of phase property is the basis for parameter estimation.
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The radiation L(w)

Constant model, without parameters [1]:

L) = w

Amplitude [dB]
o

0 1000 2000 3000 4000 5000 6000
Frequency [Hz]

1 J.L. Flanagan, Speech Analysis Synthesis and Perception, Springer Verlag, 1972.
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Complete model of the voice production
hyp: Split by a Voiced/Unvoiced Frequency (VUF):

et Hf(w) - GREP) (W) . C_(w) - jw  pou

Sw) = { N (w) - C(w) - jo
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C_(w) Vocal Tract Filter (VTF)

Jjw Radiation

Amplitude [d8]

Amplitude [d8]
!

rw < VUF
pour w > VUF
0|;i
A VUF
o
T [}
bHl e a4 M mf= A = 4 e S ;,;::B,,

2000
Frequence [Hz]

BDM

AOJKCAM

W//

i

o 1000 2000 300
Frequence [Hz]

Gilles Degottex (UoC-CSD/FORTH-ICS - Ircam/CNRY

Voice source modeling using a glottal model

00 4000

1st novembre 2012 15 / 39



Estimation of the glottal parameters
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Harmonic model for the Rd estimation

Estimation of the shape parameter Rd of the LF glottal model
Rd=0.3 Rd=1 Rd=2.7
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hyp: fy is known = harmonic model:

S(wn) = eighqﬁ . G(Rdfo)(w,,) - C(wn) - Jjwn
Sh = e . G,f’d . Ch— - Jjh

Indexed notation ! X, = X(wp)
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Vocal Tract Filter general expression

The general expression of the glottal source and the vocal tract filter are:

S c S
"7 o GRI - jh

oh® . G/:?d _

Co_ - jh
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Vocal Tract Filter general expression

The general expression of the glottal source and the vocal tract filter are:

Sh Sh

jho . ~Rd _ _
e Gy Cr_ - jh Ch- ehd . GRI - jh

For the VTF, we force it to be minimum-phase using £_(.)

Sh
G =& (=2t
’ (Gﬁd~jh)
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Phase Minimization Criterion

The convolutive residual:
Sh

Ry= —o
Mf(’Rd,qﬁ)

MF) — 5 o R —1vh

IR =1 and £RFH) =0 wh

Idea
@ Ensure an unitary amplitude spectrum
@ Minimize the phase spectrum

1 R. Smits and B. Yegnanarayana, Determination of Instants of Significant Excitation in Speech Using Group Delay Function, |EEE
Trans. Speech and Audio Processing, vol. 3, pp. 325-333, 1995.
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Mean Squared Phase (MSP)

In the context of the used voice production model

Rf(,Rd,¢) B Sh Sh

e GRI . C_ - jh e GRI-£_(S,/GRI - jh) - jh
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Mean Squared Phase (MSP)

In the context of the used voice production model

Rf(,Rd,¢) Sh Sh

T oM GRI. G jh e GRI-E£_(Sy/GRI - jh) - jh

Minimize the quadratic mean of the residual phase

N
1 2
MSP(Rd, ¢, N) = = > (LR,(,Rd’d’)) Method MSP
h=1

-3

;I[Ia’d]' "
|
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Functions of Phase Distorsion
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Functions of Phase Distorsion (FPD)

Functions of Phase Distorsion of Xj:

O(Xp) = ATIAY/ <%)
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Functions of Phase Distorsion (FPD)

Functions of Phase Distorsion of Xj:

p(Xp) = ATIA%L <5)(<;<h)>

E_(.) Minimum phase realization of Xj
= remove the VTF C;_
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Functions of Phase Distorsion (FPD)

Functions of Phase Distorsion of Xj:

p(Xp) = ATIA%L <5)(<;<h))

E_(.) Minimum phase realization of Xj
= remove the VTF C;_

A? 2" order difference operator
= remove the linear-phase component e/'®
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Functions of Phase Distorsion (FPD)

Functions of Phase Distorsion of Xj:

p(Xp) = ATIA%L <6)(<;<h))

E_(.) Minimum phase realization of Xj
= remove the VTF C;_

A? 2" order difference operator
= remove the linear-phase component e/'®

A~ anti-difference operator
= obtain a representation similar to the group-delay
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FPD - Example

For the Liljencrants-Fant (LF) model:

1
~

®,(GRY gjh) [rad)

_ G- jh
(G jh) = AN L |
(G E-(GF7 i)

!
@

|
&

H—p=3f-——--—--"~""-"""-"-"--—-—"-—-—-——-
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FPD - Properties

FPD

p(Xp) = AN/ (5_)&))

Property of ®,(G) for a glottal model:
1 Independent of the glottal pulse duration (period length)
2 Independent of the minimum-phase component
3 Independent of the time position of the glottal pulse
4 Independent of its amplitude E

= Only related to the shape of the glottal pulse
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FPD and phase minimization
The convolutive residual can be expressed as:

RRA _ Sh e Sn/GF?-jh

" e GRTE_(Sh/GRT k)b E_(Sw/GFYjh)
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FPD and phase minimization
The convolutive residual can be expressed as:

" e GRT-E (Sy/GR - jh) - jh E-(Sn/ G - jh)

To get ride fo the linear-phase term we can use the differance operators:

Sp/GR - jh )
E-(Sh/ G - jh)

ATIA2L (R = ATIA%L (
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FPD and phase minimization
The convolutive residual can be expressed as:

" e GRT-E (Sy/GR - jh) - jh E-(Sn/ G - jh)

To get ride fo the linear-phase term we can use the differance operators:

- . Sn/GRY - jh
ATIA2L(RRY) = A71n%2 (—” ) )
(R) E_(Sn/ G- jh)

Which is equal to the FPD:

Xh
E_(Xn)

du(Xy) = ATIA%/ (

) with  Xj, = Sp/ G - jh
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FPD and phase minimization
The convolutive residual can be expressed as:

RRI = — Sh _ eihe Sn/ G - jh
o GRT & (S,/GRT Jh) b E(5h/ G - Jh)

To get ride fo the linear-phase term we can use the differance operators:

_ _ Sn/GRe - jh
ATIA2L(RRY) = A71n%2 (” h )
(R E-(Sn/GFY - jh)
Which is equal to the FPD:

Xh
E_(Xn)

O (Xp) = ATIA%L ( ) with  Xj, = Sp/ G - jh

We therefore minimize the error:
N

1 N2
MSPD?(Rd, N) = > (Pu(Sh/GE? - jh)) Method MSPD?
k=1

MSPD?: Mean Squared Phase using the 2 order phase Difference
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Method based on MSPD?
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Figure: MSPD?(Rd, 12) with 3 different synthetic signals with different Rd
values.
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Quasi-closed form expression of the Rd parameter
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FPD - Quasi-closed form expression of the Rd parameter

Goal: Find an explicit expression of Rd from S, (e.g. Rd = (Sh))

, S
S,=eM.GR.g (2" _).jn
h h Gfd_jh J
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FPD - Quasi-closed form expression of the Rd parameter

Goal: Find an explicit expression of Rd from S, (e.g. Rd = (Sh))

, S
S,=eM.GR.g (2" _).jn
h h Gfd_jh J

We can distribute £_(.) to its terms:

Si=e G
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FPD - Quasi-closed form expression of the Rd parameter

Goal: Find an explicit expression of Rd from S, (e.g. Rd = (Sh))
; Sh .
—h.GRI.g (=" ).
h G/fd Jh J
We can distribute £_(.) to its terms:

E_(Sn)

S Iejh¢‘GRd
" " (G- jh)

- jh

And we put observations and models on each side of the equation:

_Sh o ghe . Gidh
Es - E(CE M
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FPD - Quasi-closed form expression of the Rd parameter

Goal: Find an explicit expression of Rd from S, (e.g. Rd = (Sh))
; Sh .
—h.GRI.g (=" ).
h G/fd Jh J
We can distribute £_(.) to its terms:

E_(Sn)

S Iejh(b'GRd
" " (G- jh)

- jh
And we put observations and models on each side of the equation:

_Sh o ghe . Gidh
Es - E(CE M

O (Sh) = Ou(GF? - jh)
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FPD - Expression quasi explicite de Rd - Méthode

O (Sh) = Pr(GF? - jh)

for o = ®x(Sp) find Rd : (G - jh) = oy Method FPD~!
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FPD - Expression quasi explicite de Rd - Méthode

O (Sh) = Pr(GF? - jh)

for o = ®x(Sp) find Rd : (G - jh) = oy Method FPD~!

Numerical approximation using a lookup table:

Voice source modeling using a glottal model 1st novembre 2012 29 / 39
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Evaluation

0,(Rd)

0,(EGG) |

0.151 71 Méthodes proposées

I vsp
I 1sPD?
[— R

e
T
L

Méthodes de I'état de I'art
EAF
I Cepstre Complexe
[ peay

o

°

S
T
L

Ecart-type de l'erreur de Q,

APLAWD BDL SLT JMK

IAIF P. Alku, and H. Tiitinen and R. Naatanen, A method for generating natural-sounding speech stimuli for cognitive brain research.
CC T. Drugman, B. Bozkurt and T. Dutoit, Complex Cepstrum-based Decomposition of Speech for Glottal Source Estimation.
ZZT B. Bozkurt, B. Doval, C. d'Alessandro and T. Dutoit, ZZT representation with application to source-filter separation in speech.
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Example of estimation

® Son
25} WaveformH
—MSPD?
2 ——RdJ(EGG)
& 15t
©
2
=
5: 051 4
or o
-05F i
0:6 0:7 0!8 019 1I 1!1 1f2 1{3 1{4 1{5 1{6
Time [s]
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Application

Voice transformation
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Analysis/Synthesis - SVLN

Model of the voice production used in SVLN

S(w) = [Hf"(w) - GRI(w) + N%(w)} - CE (w) - jw

Analysis/Synthesis procedure

J

—

Analysis
Estimation of the model
parameters

= {f,Rd, E, 0y, C}=>

Synthesis

of the waveform

-

SVLN: Separation of the Vocal-tract with the Liljencrants-Fant model plus Noise

Gilles Degottex (UoC-CSD/FORTH-ICS - Ircam/CNRY
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Analysis - Estimation of the glottal source parameters

fo Known a priori
Rd Method based on MSPD?
E Log energy of the window
og Crossing point between G(w) and VUF

VUF

Amplitude [dB]
Q

. . .
0 1000 2000 3000 4000
Frequence [Hz]

VUF known a priori by classification of the spectral peaks.
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Analysis - Estimation of the VTF
T (%) oyt if w < VUF
C(w) =

Jw

P(m%)m‘[/f if w > VUF

T(.) The True-envelope
P(.) Real cepstrum
v = >, win[t]/(f/fy) number of periods in the window.
80
VUF
.;Q
120
0 1600 2(:;00 3000 4600

Frequence [Hz]

C. Yeh, Multiple fundamental frequency estimation of polyphonic recordings, Ph.D. thesis, UPMC, 2008.

Gilles Degottex (UoC-CSD/FORTH-ICS - Ircam/CNRY Voice source modeling using a glottal model

1st novembre 2012

35 / 39



Synthesis

@ A sound chunk: Pulses G(w) - VTF C(w) - Radiation synthesis L(w)
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Synthesis

@ A sound chunk: Pulses G(w) - VTF C(w) - Radiation synthesis L(w)
@ Overlap-add of the sound chunks
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Synthesis

@ A sound chunk: Pulses G(w) - VTF C(w) - Radiation synthesis L(w)
@ Overlap-add of the sound chunks

For any observed speech spectrum S(w):

|S(w)| always reproduced

/S5(w) imposed by the glottal model, the Gaussian noise and the
phase of the VTF (£C_(w))
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Voice transformation

Transformation process

Y
3 q
Analysis
, — Estimation oXhe model

parameters

{6.R0, E, G, ) memd

Transformation
of the parameters

—

Synthesis

of a new waveform

{6.Rd, E, g, T}

—
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@sound examples

http://gillesdegottex.eu/SVLN
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Xpnuotodotnon

To mapov ekmalSeUTIKO UAKO £xelL avamtuxBei ota mAaiola Tou
ekmaldeutikol £pyou Tou Stédokovta.

To épyo «Avoikta Akadnuaikd Madnpata oto Naveniotipo Kptneg»
£XEL XPNHATOSOTAOEL LOVO T avadLlapopdwaon Tou eKmalSeUTIKOU UALKOU.

To £pyo uloroleital oto mAaiolo Tou Emixelpnotakol Mpoypdupotog
«Exmaideuon kat Al Biou MaBnon» kat ouyxpnuatodoteital oo tnv
Evpwnaikn Evwon (Eupwmaikd Kowvwvikd Tapeio) kat amnod eBvikoug
ndépoug.
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YNOYPTEIO N KAl BPHEIKEY
EvpwnaikiBvwon  EATKH YITHPELIA ATAXELF L
OO el .. i v e EMGSa kar iixiic Evwone
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ZnHeiwpa aderodotnong

« To r(apov UAWKO SlatiBetal pe ToUug 6poug TG aéstaq xpnonq Creative Commons Avadopd, Mn
Epmopikn Xpnon, O)(L MNapdaywyo Epyo 4.0 [1] i petayevéatepn, AleBVAG EK600n EEaLpouvtaL
TOL AUTOTEAN €pya TpiTWV TL.X. Pwrtoypadieg, Staypaupata KA., Ta onoia EUNEPLEXOVTAL OE
QUTO KaL Ta omoia avadEépovtat Hadl e Toug 6POUG XPHONG TOUG OTOo «Znueiwpa Xpriong Epywv
Tpitwv».

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/ @

* Q¢ Mn Epropukn opiletal n xprion:
— 1ou 8ev mepAapPAVEL AUECO 1) EUUECO OLKOVOULKO ODENOG QT TNV XProN TOU £pY0U, yLa TO Slavopéa
Tou épyou Kot adelodoxo
— mou Sev mepAapPavet otkovoptkr cuvaAlayr wg mpoindbeon yia tn xprion fi tpdopaacn oto £pyo
— Tou 8ev mpoomopilel oTo SLavopéa Tou £pyou Kal adelo80X0 EPUETO OLKOVOULKO OdeNOG (TT.X.
Sladnpioelg) anod tnv npoPoAr Tou £pyou oe SLadKTUAKO TOTO

e 0 8wkalolUyog Hrmopel va mapExet otov adelo80x0 EexwpLotr dSeLa va XpNOLUOTIOLEL TO £pYO0 Yo
EUTOPLKA XPHON, EPOoOV aUTO Tou INTNOEL.



Znueiwpa Avadopac

Copyright Mavenotuio Kprtng, Ztultavou lwavvng. «Wndlakn Enefepyaoia
Qwvng. Movtelonoinon Znpatog MNnyng pe Xprion NwTtdikwv MovtéAwv».
‘Ekdoon: 1.0. HpakAelo/P£€Bupvo 2015. AlaBéoipo amo tn SIKTUOKN
StevBuvon: http://www.csd.uoc.gr/~hy578
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