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Text-To-Speech Synthesis

Current Methods
� Unit selection [Hunt and Black, 1996]
� HMM-based [Yoshimura et al., 1999]: model

speech characteristics based on parametric
statistical methods

Current State
� intelligible �

Limitations
� natural

� variety

Improvement
� modelling speech prosody
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Speech Prosody

Definition

� Suprasegmental variations of speech - “the music of speech” (e.g., intonation,

accent)

� Conveys meaning, emotions, intentions, and many information about the

background of a speaker

� Vocal signature of a speaker, contribute as a part of his identity
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Speech Prosody

Continuous Characteristics

� fundamental frequency

� duration

� intensity

� voice quality

� articulation degree

Discrete Characteristics

� Description of relevant

prosodic events

1. accent

2. boundaries (e.g., pause)
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50 CHAPTER 3. PROSODY ANALYSIS: SIGNAL, FORMS & FUNCTIONS

description level symbol description

prominence P prosodic prominence

local
phonetic variations

l/L low pitch
m/M middle pitch
h/H high pitch

global
phonetic variations

R reset
D downstep

phonological

tone
L*/L low pitch accent
H*/H high pitch accent

+

modifier
∧ upstep
! downstep
> propagation

frontier
%L/L% low pitch boundary tone
%H/H% high pitch boundary tone

%/%

Table 3.4: Description of the IVTS transcription system with the tone inventory proposed for
French.

phonological
global phonetic * *
local phonetic * * *
prominence % * P *

syllable Long- temps ## je me suis cou- ché de bonne heure ##

sentence Longtemps , je me suis couché de bonne heure .

Table 3.5: Illustration of the text-to-prosodic-structure conversion.
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Levels of Speech Communication

HEY 
PATRICK!

phonetics

phonology

morphology

syntax

semantics

pragmatics

acoustic signal

SPEAKER

LISTENER

SPEECH:
PROSODY

TEXT:
ABSTRACT
LINGUISTIC
LEVELS
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Major Contributions of this Work

Statistical Modelling of Speech Prosody

1. Statistical modelling of discrete (position of prosodic events) and continuous (F0
variations, duration) characteristics of speech prosody

2. Combination of syntactic and metric constraints to assign pauses
3. Stylization and trajectory modelling of F0 contours

Integration of a Rich Linguistic Description

4. Use of deep syntactic parsing to model speech prosody characteristics

Application to Speaking Style Modelling

5. Study on the ability of listeners to identify a speaking style
6. Reference for the evaluation of speaking style modelling
7. Ability of discrete/continuous HMMs to model the characteristics of a speaking

style
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Statistical Framework Used in this Work

Hidden Markov Models
� commonly used in speech recognition/synthesis

Used in Speech Synthesis
� discrete/continuous HMMs [Black and Taylor, 1994, Yoshimura et al., 1999]

Paradigms
� modelling speech characteristics
� modelling variability due to the context (e.g. phonemic, lexical, syntactic, or even

semantic)
� context clustering: modelling contexts that are acoustically relevant
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Introduction

Objective

Determine the position of prosodic events (accent, pause) from a text

Linguistic Studies

have pointed out that speech prosody is partially constrained by:

� syntactic constraint [Selrik, 1984]

� metric constraint [Liberman and Prince, 1977]

Issues

� Modelling syntactic constraint

� Modelling metric constraint

� Combining syntactic & metric constraints

Contributions of my Work

� Integration of a deep syntactic description

� Use of Segmental HMMs + Dempster-Shafer Fusion
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Transcription of Speech Prosody Used in this Work1

Specificities of French prosody

� French: syllable-based language (vs. English: stress-based language)

� prosodic prominences are primary cues used to segment speech into

syntactico-semantic units

� prosodic boundaries have a central role in French prosody

My contribution for the

transcription of French Prosody

proposed alternative to the TOBI

standard [Silverman et al., 1992]

� major prosodic boundary (FM)

� minor prosodic boundary (Fm)

� accent (P)
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sentence Longtemps , je me suis couché de bonne heure .
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3.3. PHONOLOGICAL REPRESENTATION OF SPEECH PROSODY 51
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Fm

frontier

3.3.4 Rhapsodie

The Rhapsodie is a transcription system that has been developed in the Rhapsodie Project
(Rhapsodie: Reference Prosody Corpus of Spoken French) [Lacheret et al., 2010].

The Rhapsodie transcription system intends at providing a simple and unified transcription
ground that can be shared among the existing phonological theories and description systems.
The description of the prosodic variations is based on the perception of prosodic objects
that are implictely shared among the phonological theories, such as prosodic prominence and
prosodic packaging. The prosodic prominence is defined as an acoustic saliency, and covers
prosodic events that are marked by intonation or by any other acoustic cue. The perceptual
description of prosodic variations present several advantages over more sophisticated systems.
First, a perceptual description does not require expert knowledge, and can be processed by
moderately-trained individuals. Second, the transcription can be easily integrated into most
of the existing models for further phonetic and phonological descriptions. In particular,
the perceptual level provides a minimal description of the prosodic events that can be used to
precise and describe the acoustic dimensions that may be phonetically and phonologically relevant.

The minimal prosodic unit used for the description is the syllable, and the maximal prosodic unit
is the prosodic group. The transcription of prosodic events is based on the perception of prosodic
prominences (P) and prosodic packages (minor and major prosodic frontiers). The transcription
is processed recursively to account for the hierarchical organization of prosodic events. For this
purpose, a variable temporal resolution is used to manage the relativity in the perception of prosodic
prominences and to refine gradually the prosodic description. First, a segmentation into prosodic
groups (PGs) is achieved within a large integration domain (typically 5-10 s. depending on the
speaking style). The segmentation is based on the perception of a major prosodic prominence that
is associated with the end of a prosodic package. Second, a segmentation into internal prosodic
groups (IPGs) is achieved within each prosodic group. The segmentation is based on the perception
of a minor prosodic prominence that are associated with the end of a prosodic package. Finally,
residual prosodic prominences (P) are identified as the remaining perceived prosodic prominences
that occur within the internal prosodic group. Additionnal symbols are used to manage uncertainty
and underspecification on the presence and nature of a prosodic frontier, and on the presence of a
prosodic prominence. Speech disfluencies are transcribed in parallel to the prosodic transcription
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the perceptual level provides a minimal description of the prosodic events that can be used to
precise and describe the acoustic dimensions that may be phonetically and phonologically relevant.

The minimal prosodic unit used for the description is the syllable, and the maximal prosodic unit
is the prosodic group. The transcription of prosodic events is based on the perception of prosodic
prominences (P) and prosodic packages (minor and major prosodic frontiers). The transcription
is processed recursively to account for the hierarchical organization of prosodic events. For this
purpose, a variable temporal resolution is used to manage the relativity in the perception of prosodic
prominences and to refine gradually the prosodic description. First, a segmentation into prosodic
groups (PGs) is achieved within a large integration domain (typically 5-10 s. depending on the
speaking style). The segmentation is based on the perception of a major prosodic prominence that
is associated with the end of a prosodic package. Second, a segmentation into internal prosodic
groups (IPGs) is achieved within each prosodic group. The segmentation is based on the perception
of a minor prosodic prominence that are associated with the end of a prosodic package. Finally,
residual prosodic prominences (P) are identified as the remaining perceived prosodic prominences
that occur within the internal prosodic group. Additionnal symbols are used to manage uncertainty
and underspecification on the presence and nature of a prosodic frontier, and on the presence of a
prosodic prominence. Speech disfluencies are transcribed in parallel to the prosodic transcription

1Rhapsodie: reference prosody corpus of spoken French

Nicolas Obin Sound Analysis and Synthesis Department IRCAM - CNRS - UMR 9912 - STMS

MeLos



12/42

Introduction Discrete Modelling Continuous Modelling Speaking Style Conclusion

Rich Syntactic Description

Introduction

Discrete Modelling
Use of Rich Syntactic Description to Assign Prosodic Events
Combination of Syntactic and Metric Constraints to Assign Pauses

Continuous Modelling
Stylization and Trajectory Modelling of F0 contours

Speaking Style
Ability of Human Listeners to Identify a Speaking Style
Discrete/Continuous Modelling of Speaking Style

Conclusion & Further Directions

Nicolas Obin Sound Analysis and Synthesis Department IRCAM - CNRS - UMR 9912 - STMS

MeLos



13/42

Introduction Discrete Modelling Continuous Modelling Speaking Style Conclusion

Rich Syntactic Description

Rich Syntactic Description [Obin et al., 2011a]

Objective

Modelling the linguistic constraint to assign prosodic events

State of the Art

� Surface description of syntactic characteristics [Black and Taylor, 1994]

� Some attempts to integrate a rich description of syntactic characteristics

[Ingulfen et al., 2005]

Issue

� Integration of a rich description of syntactic characteristics

Contribution

� Use of deep syntactic parsing to model speech prosody
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Linguistic Processing Used in this Work: ALPAGE

ALPAGE

[Villemonte de La Clergerie, 2005]

� Linguistic Processing Chain developed for

French

� Three modules: text pre-processing, surface

and deep parsing

Text Pre-Processing

� segmentation of a text into words and

sentences

Surface Parsing

� morpho-syntactic parsing (POS)
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Rich Syntactic Description

Linguistic Processing Used in this Work: ALPAGE

Deep Parsing

Deep parsing is used to describe the deep syntactic structure of a sentence

� Formalism: Tree Adjoining Grammar (TAG) [Joshi et al., 1975]

The syntactic structure can be described in terms of constituency or dependency.

Constituency

� describes the hierarchical structure of a sentence

Dependency

� describes the local dependency that relates words of a sentence
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Rich Syntactic Description

Linguistic Processing Used in this Work: ALPAGE

Constituency [Villemonte de La Clergerie, 2005]
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Linguistic Processing Used in this Work: ALPAGE

Conversion into Dependency [Villemonte de La Clergerie, 2010]
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Rich Syntactic Description

Summary

Syntactic characteristics used to model speech prosody

conventional characteristics

Surface Parsing

(1) morpho-syntactic (M)

proposed characteristics

Deep Parsing

(2) dependency (D)

(3) constituency (C)

(4) adjunction (A): specific TAG operation

� describes a large variety of syntactic constructions (e.g., clause, incise)

� shown to be relevant to model speech prosody
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Evaluation of the Automatic Assignment of Prosodic Events

Scheme

� comparison of different sets

of syntactic characteristics to

model speech prosody

� speech database: neutral

read speech (9hrs)

� procedure: 10-fold

cross-validation

� metric: F-measure

Results

� dramatical improvement for
prosodic boundaries

� FM = 20%
� Fm = 10%

� no improvement for prosodic
prominence: probably related to
semantic constraint, not syntax

� Performance of the automatic

assignment of Prosodic Events
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Combination of Syntactic and Metric Constraints to Assign Pauses

Syntactic and Metric Constraints [Obin et al., 2011d]

Objective
Modelling syntactic and metric constraints to assign pauses

State of the Art
� Explicit integration of metric constraint in statistical modelling

[Schmid and Atterer, 2004]

Issue
� Determine the adequate combination of syntactic & metric constraints

Contributions
� Use of Segmental HMMs + Dempster-Shafer Fusion
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Combination of Syntactic and Metric Constraints to Assign Pauses

Syntactic and Metric Constraints [Obin et al., 2011d]

Segmental HMM
Segmental HMM [Ostendorf et al., 1996] addresses several limitations of conventional
HMM:

� in particular, segment duration is explicitly modelled (metric constraint)

d= sequence that described the distance between consecutive pauses
o= sequence that describes observed syntactic characteristics

p(d|o) ∝ p(o|d)
| {z }

linguistic
contribution

× p(d)
|{z}

metric
contribution

(1)

Dempster-Shafer Fusion
� the reliability that can be conferred to different sources of information is explicitly

formulated
� used to balance the syntactic and metric contributions to assign pauses
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Combination of Syntactic and Metric Constraints to Assign Pauses

Evaluation of the Automatic Assignment of Pauses

Scheme

� same database, procedure, metric

� only for FM (can be also used for Fm)

Results

� optimal configuration of
syntactic/metric constraints
significantly outperforms
conventional methods

� optimal: 96.3%
� linguistic: 95.0%
� linguistic/metric: 92.1%

� syntactic constraint seems to have a
greater influence than metric
constraint

� example of speech synthesis with

automatic assignment of prosodic

events

� Performance of the automatic

assignment of Pauses
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Stylization and Trajectory Modelling of F0 contours

Objective
Modelling and Synthesizing F0 variations from a text

State of the Art
� short-term modelling + local trajectory constraint (conventional HMM)

[Tokuda et al., 2003]
� stylization + no trajectory constraint [Mishra et al., 2006]
� short-term modelling + long-term trajectory constraint

[Latorre and Akamine, 2008, Qian et al., 2009]

Issues
� combining stylization with trajectory modelling of F0 variations

Contributions
� trajectory model fully based on the stylization of F0 contours over various

temporal domains
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Stylization and Trajectory Modelling of F0 contours

Stylization of Speech Prosody [Obin et al., 2011b]

Stylization of F0 contours

� Modelling relevant melodic

variations
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� Modelling contours over Various

Temporal Domains
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Stylization and Trajectory Modelling of F0 contours

Trajectory Modelling

Stylization + Conventional Modelling

� During synthesis, the sequence of contours is determined as the sequence of

mean contours (assumption of conditional independence)

� Example:
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� This may result into inadequate phrasing
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Stylization and Trajectory Modelling of F0 contours

Trajectory Modelling

Stylization + Trajectory Modelling

� During synthesis, the sequence of contours is determined under the constraint
of long-term trajectories

� Example:
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� The long-term trajectory constraints adequate phrasing
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Stylization and Trajectory Modelling of F0 contours

Subjective Evaluation of Stylization/Trajectory Model
Comparison of F0 models in Speech
Synthesis

� conventional HMM (HTS) [Yoshimura et al., 1999]

� stylization + trajectory
1. syllable + 1-order adjacent syllables (1-ORDER)

2. syllable + minor prosodic phrase (AG)

3. syllable + major prosodic phrase (PG)

Procedure
� CMOS preference experiment
� 8x4 synthesized speech utterances
� 20 native French speakers

� 1-order trajectory model is significantly
preferred

� long-term trajectories (AG/PG) partially
successful (due to increase in complexity)

� CMOS

HTS 1ORDER AG PG
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Style: a matter of Situation

Individual and Shared Identities

Each communication act instantiates a style which is composed of:

� an individual speaking style that depends on the speaker identity

SPEAKER

LISTENER

� a conventional speaking style conditioned by a specific situation
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Objective

Modelling speaking style in speech synthesis

State of the Art

� modelling continuous characteristics of a speaking style (emotions)

[Yamagishi et al., 2004]

� modelling discrete characteristics of a speaking style [Bell et al., 2006]

Issues

� modelling the discrete and continuous characteristics of a speaking style

Contributions

� study of the ability of human listeners to identify a speaking style

� reference for the evaluation of speaking style modelling

� study of the capacity of discrete/continuous HMMs to model characteristics

of a speaking style
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Ability of Human Listeners to Identify a Speaking Style
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Ability of Human Listeners to Identify a Speaking Style

Identification Ability of Speaking Style [Obin et al., 2010]

Objective
� Study of the ability of human listeners

to identify the speaking style of natural
speech

Experiment
� 40 speech utterances with 4 speaking

styles (church office, political speech,
journalistic speech, sport
commentary)

� delexicalized to remove lexical access

� 72 participants (various language
background)

� multiple choice identification of
speaking style by human listeners

� Confusion of natural speaking styles
by human listeners
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Discrete/Continuous Modelling of Speaking Style

Modelling Speaking Style [Obin et al., 2011c]

Objectives
� application of discrete/continuous

model to speaking style
� capacity of HMM-based speech

synthesis to model speaking style

Principle
� average modelling of discrete and

continuous characteristics of a
speaking style (multiple speakers)

� Description of speakers characteristics
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Dé
fe

ns
e,

Na
nt

er
re

,F
ra

nc
e

no
bi

n@
ir

ca
m.

fr
,

la
nc

ha
nt

in
@i

rc
am

.f
r,

an
ne

.l
ac

he
re

t@
u-

pa
ri

s1
0.

fr
,

ro
de

t@
ir

ca
m.

fr

AB
ST

RA
CT

Th
is

pa
pe

r
as

se
ss

es
th

e
ab

ili
ty

of
a

HM
M

-b
as

ed
sp

ee
ch

sy
nt

he
-

sis
sy

ste
m

s
to

m
od

el
th

e
sp

ee
ch

ch
ar

ac
ter

ist
ics

of
va

rio
us

sp
ea

k-
in

g
sty

les
1 .A

di
sc

re
te/

co
nt

in
uo

us
HM

M
is

pr
es

en
ted

to
m

od
el

th
e

sy
m

bo
lic

an
d

ac
ou

sti
c

sp
ee

ch
ch

ar
ac

ter
ist

ics
of

a
sp

ea
ki

ng
sty

le.
Th

e
pr

op
os

ed
m

od
el

is
us

ed
to

m
od

el
th

e
av

er
ag

e
ch

ar
ac

ter
ist

ics
of

a
sp

ea
ki

ng
sty

le
th

at
is

sh
ar

ed
am

on
g

va
rio

us
sp

ea
ke

rs,
de

pe
nd

-
in

g
on

sp
ec

ifi
cs

itu
ati

on
so

fs
pe

ec
h

co
m

m
un

ica
tio

n.
Th

ee
va

lu
ati

on
co

ns
ist

so
fa

n
id

en
tifi

ca
tio

n
ex

pe
rim

en
to

f4
sp

ea
ki

ng
sty

les
ba

se
d

on
de

lex
ica

liz
ed

sp
ee

ch
,a

nd
co

m
pa

re
d

to
a

sim
ila

re
xp

er
im

en
to

n
na

tu
ra

ls
pe

ec
h.

Th
e

co
m

pa
ris

on
is

di
sc

us
se

d
an

d
re

ve
als

th
at

di
s-

cr
ete

/co
nt

in
uo

us
HM

M
co

ns
ist

en
tly

m
od

els
th

es
pe

ec
h

ch
ar

ac
ter

is-
tic

so
fa

sp
ea

ki
ng

sty
le.

In
de

xT
er

m
s:

sp
ea

ki
ng

sty
le,

sp
ee

ch
sy

nt
he

sis
,s

pe
ec

h
pr

os
od

y,
av

-
er

ag
em

od
ell

in
g.

1.
IN

TR
OD

UC
TI

ON

Ea
ch

sp
ea

ke
rh

as
hi

so
wn

sp
e
a

k
in

g
st

y
le

wh
ich

co
ns

tit
ut

es
hi

sv
oc

al
sig

na
tu

re
,a

nd
ap

ar
to

fh
is

id
en

tit
y.

Ne
ve

rth
ele

ss
,a

sp
ea

ke
rc

on
tin

u-
ou

sly
ad

ap
th

is
sp

ea
ki

ng
sty

le
ac

co
rd

in
g

to
sp

ec
ifi

cc
om

m
un

ica
tio

n
sit

ua
tio

ns
,a

nd
to

hi
se

m
ot

io
na

ls
tat

e.
In

pa
rti

cu
lar

,e
ac

h
sit

ua
tio

na
l

co
nt

ex
td

ete
rm

in
es

as
pe

cifi
cm

od
eo

fp
ro

du
cti

on
as

so
cia

ted
wi

th
it

-a
g
e
n

re
-w

hi
ch

is
de

fin
ed

by
as

et
of

co
nv

en
tio

ns
of

fo
rm

an
dc

on
-

ten
tt

ha
ta

re
sh

ar
ed

am
on

g
all

of
its

pr
od

uc
tio

ns
[1

].
In

pa
rti

cu
lar

,
a

sp
ec

ifi
cd

isc
ou

rse
ge

nr
e

(D
G)

re
lat

es
to

a
sp

ec
ifi

cs
p

e
a

k
in

g
st

y
le

.
Co

ns
eq

ue
nt

ly,
a

sp
ea

ke
ra

da
pt

sh
is

sp
ea

ki
ng

sty
le

to
ea

ch
sp

ec
ifi

c
sit

ua
tio

n
de

pe
nd

in
g

on
th

e
fo

rm
al

co
nv

en
tio

ns
th

at
ar

e
as

so
cia

ted
wi

th
th

e
sit

ua
tio

n,
hi

sa
-p

rio
ri

kn
ow

led
ge

ab
ou

tt
he

se
co

nv
en

tio
ns

,
an

d
hi

sc
om

pe
ten

ce
to

ad
ap

th
is

sp
ea

ki
ng

sty
le.

Th
us

,e
ac

h
co

m
-

m
un

ica
tio

n
ac

ti
ns

tan
tia

tes
as

ty
le

wh
ich

is
co

m
po

se
d

of
as

ty
le

th
at

de
pe

nd
so

n
th

e
sp

ea
ke

ri
de

nt
ity

,a
nd

a
co

nv
en

tio
na

ls
pe

ak
in

g
sty

le
th

at
is

co
nd

iti
on

ed
by

as
pe

cifi
cs

itu
ati

on
.

In
sp

ee
ch

sy
nt

he
sis

,m
eth

od
sh

av
eb

ee
np

ro
po

se
dt

om
od

el
an

da
da

pt
th

es
ym

bo
lic

[3
,4

]a
nd

ac
ou

sti
cs

pe
ec

hc
ha

ra
cte

ris
tic

so
fa

sp
ea

ki
ng

sty
le,

wi
th

ap
pl

ica
tio

n
to

em
ot

io
na

ls
pe

ec
h

sy
nt

he
sis

[2
].

Ho
we

ve
r,

no
stu

dy
ex

ist
so

n
th

ej
oi

nt
m

od
ell

in
g

of
th

es
ym

bo
lic

an
d

ac
ou

sti
c

ch
ar

ac
ter

ist
ics

of
sp

ea
ki

ng
sty

le,
an

d
sp

ea
ki

ng
sty

le
ac

ou
sti

c
m

od
-

ell
in

g
ge

ne
ra

lly
lim

its
to

th
em

od
ell

in
g

of
em

ot
io

n,
wi

th
ra

re
ex

ten
-

sio
ns

to
ot

he
rs

ou
rc

es
of

sp
ea

ki
ng

sty
les

va
ria

tio
ns

[5
].

Th
is

pa
pe

rp
re

se
nt

sa
n

av
er

ag
e

di
sc

re
te/

co
nt

in
uo

us
HM

M
wh

ich
is

ap
pl

ied
to

th
es

pe
ak

in
g

sty
le

m
od

ell
in

g
of

va
rio

us
di

sc
ou

rse
ge

nr
es

1 Th
is

stu
dy

wa
s

su
pp

or
ted

by
AN

R
Rh

ap
so

di
e

07
Co

rp
-0

30
-0

1;
re

fe
r-

en
ce

pr
os

od
yc

or
pu

so
fs

po
ke

nF
re

nc
h;

Fr
en

ch
Na

tio
na

lA
ge

nc
yo

fr
es

ea
rc

h;
20

08
-2

01
2.

in
sp

ee
ch

sy
nt

he
sis

,a
nd

as
se

ss
es

wh
eth

er
th

em
od

el
ad

eq
ua

tel
yc

ap
-

tu
re

st
he

sp
ee

ch
pr

os
od

yc
ha

ra
cte

ris
tic

so
fa

sp
ea

ki
ng

sty
le.

In
cid

en
-

tal
ly,

th
er

ob
us

tn
es

so
ft

he
HM

M
-b

as
ed

sp
ee

ch
sy

nt
he

sis
is

ev
alu

ate
d

in
th

ec
on

di
tio

ns
of

re
al-

wo
rld

ap
pl

ica
tio

ns
.T

he
pa

pe
ri

so
rg

an
ize

d
as

fo
llo

ws
:t

he
sp

ea
ki

ng
sty

le
co

rp
us

de
sig

n
is

de
sc

rib
ed

in
se

cti
on

2;
th

ea
ve

ra
ge

di
sc

re
te/

co
nt

in
uo

us
HM

M
m

od
el

is
pr

es
en

ted
in

se
c-

tio
n

3;
th

e
ev

alu
ati

on
is

pr
es

en
ted

an
d

di
sc

us
se

d
in

se
cti

on
s4

an
d

5.
2.

SP
EE

CH
&

TE
XT

M
AT

ER
IA

L

2.1
.

Co
rp

us
De

sig
n

Fo
rt

he
pu

rp
os

eo
fs

pe
ak

in
g

sty
le

sp
ee

ch
sy

nt
he

sis
,a

4-
ho

ur
m

ul
ti-

sp
ea

ke
rs

sp
ee

ch
da

tab
as

e
wa

sd
es

ig
ne

d.
Th

e
sp

ee
ch

da
tab

as
e

co
n-

sis
ts

of
fo

ur
di

ffe
re

nt
DG

’s:
ca

th
ol

ic
m

as
sc

er
em

on
y,

po
lit

ica
l,

jo
ur

-
na

lis
tic

,a
nd

sp
or

tc
om

m
en

tar
y.

In
or

de
rt

o
re

du
ce

th
e

DG
in

tra
-

va
ria

bi
lit

y,
th

e
di

ffe
re

nt
DG

sw
er

e
re

str
ict

ed
to

sp
ec

ifi
c

sit
ua

tio
na

l
co

nt
ex

ts
(se

el
ist

be
lo

w)
an

d
to

m
ale

sp
ea

ke
rs

on
ly.

−2
.2

−2
−1

.8
−1

.6
−1

.4
−1

.2

4.54.64.74.84.955.15.25.35.45.5

M1

log
 sy

lla
ble

 du
ra

tio
n

log f0

M2

M3

M4

M5
M6

M7 P1
P2P3

P4
P5

J1

J2J3
J4

J5S1

S2
S3

S4
S5

S6

Fi
g.

1.
Pr

os
od

ic
de

sc
rip

tio
n

of
th

es
pe

ak
in

g
sty

les
de

-
pe

nd
in

g
on

th
es

pe
ak

er.
M

ea
n

an
d

va
ria

nc
eo

ff
0

an
d

sp
ee

ch
ra

te.

lo
g

f 0

lo
g(

1/
sp

ee
ch

ra
te

)
Th

e
fo

llo
wi

ng
is

a
de

sc
rip

tio
n

of
th

e
fo

ur
se

lec
ted

DG
’s:

DISCRETE/CONTINUOUS MODELLING OF SPEAKING STYLE
IN HMM-BASED SPEECH SYNTHESIS:

DESIGN AND EVALUATION

Nicolas Obin
1,2

, Pierre Lanchantin
1

Anne Lacheret
2
, Xavier Rodet

1

1 Analysis-Synthesis Team, IRCAM, Paris, France
2 Modyco Lab., University of Paris Ouest - La Défense, Nanterre, France
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ABSTRACT

This paper assesses the ability of a HMM-based speech synthe-
sis systems to model the speech characteristics of various speak-
ing styles1. A discrete/continuous HMM is presented to model the
symbolic and acoustic speech characteristics of a speaking style.
The proposed model is used to model the average characteristics
of a speaking style that is shared among various speakers, depend-
ing on specific situations of speech communication. The evaluation
consists of an identification experiment of 4 speaking styles based
on delexicalized speech, and compared to a similar experiment on
natural speech. The comparison is discussed and reveals that dis-
crete/continuous HMM consistently models the speech characteris-
tics of a speaking style.
Index Terms: speaking style, speech synthesis, speech prosody, av-
erage modelling.

1. INTRODUCTION

Each speaker has his own speaking style which constitutes his vocal
signature, and a part of his identity. Nevertheless, a speaker continu-
ously adapt his speaking style according to specific communication
situations, and to his emotional state. In particular, each situational
context determines a specific mode of production associated with it
- a genre - which is defined by a set of conventions of form and con-
tent that are shared among all of its productions [1]. In particular,
a specific discourse genre (DG) relates to a specific speaking style.
Consequently, a speaker adapts his speaking style to each specific
situation depending on the formal conventions that are associated
with the situation, his a-priori knowledge about these conventions,
and his competence to adapt his speaking style. Thus, each com-
munication act instantiates a style which is composed of a style that
depends on the speaker identity, and a conventional speaking style
that is conditioned by a specific situation.
In speech synthesis, methods have been proposed to model and adapt
the symbolic [3, 4] and acoustic speech characteristics of a speaking
style, with application to emotional speech synthesis [2]. However,
no study exists on the joint modelling of the symbolic and acoustic
characteristics of speaking style, and speaking style acoustic mod-
elling generally limits to the modelling of emotion, with rare exten-
sions to other sources of speaking styles variations [5].
This paper presents an average discrete/continuous HMM which is
applied to the speaking style modelling of various discourse genres

1This study was supported by ANR Rhapsodie 07 Corp-030-01; refer-
ence prosody corpus of spoken French; French National Agency of research;
2008-2012.

in speech synthesis, and assesses whether the model adequately cap-
tures the speech prosody characteristics of a speaking style. Inciden-
tally, the robustness of the HMM-based speech synthesis is evaluated
in the conditions of real-world applications. The paper is organized
as follows: the speaking style corpus design is described in section
2; the average discrete/continuous HMM model is presented in sec-
tion 3; the evaluation is presented and discussed in sections 4 and
5.

2. SPEECH & TEXT MATERIAL

2.1. Corpus Design

For the purpose of speaking style speech synthesis, a 4-hour multi-
speakers speech database was designed. The speech database con-
sists of four different DG’s: catholic mass ceremony, political, jour-
nalistic, and sport commentary. In order to reduce the DG intra-
variability, the different DGs were restricted to specific situational
contexts (see list below) and to male speakers only.
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Fig. 1. Prosodic description of the speaking styles de-
pending on the speaker. Mean and variance of f0 and
speech rate.

log f0

log(1/speech rate)
The following is a description of the four
selected DG’s:
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Discrete/Continuous Modelling of Speaking Style

Evaluation of Ability of Human Listeners to Identify a Synthetic
Speaking Style

Experiment
� 40 synthesized speech utterances +

delexicalized (same as previously)
� 50 participants (various language background)
� multiple choice identification of speaking style

by human listeners

Results
� discrete/continuous HMMs

consistently model the

characteristics of a speaking style

(with exception of church office)

Question
� what is the contribution of

discrete/continuous characteristics?

� Comparison of identification
obtained for natural and
synthetic speech
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Discrete/Continuous Modelling of Speaking Style

Synthesis of Speaking Styles

TEXT

2
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Neutral, Fairy Tale, “Litlle Tom Thumb”
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Introduction

Discrete Modelling
Use of Rich Syntactic Description to Assign Prosodic Events
Combination of Syntactic and Metric Constraints to Assign Pauses

Continuous Modelling
Stylization and Trajectory Modelling of F0 contours

Speaking Style
Ability of Human Listeners to Identify a Speaking Style
Discrete/Continuous Modelling of Speaking Style

Conclusion & Further Directions

Nicolas Obin Sound Analysis and Synthesis Department IRCAM - CNRS - UMR 9912 - STMS

MeLos



40/42

Introduction Discrete Modelling Continuous Modelling Speaking Style Conclusion

Conclusion

Contributions to the Statistical Modelling of Speech Prosody

1. Statistical modelling of discrete and continuous characteristics of speech prosody
2. Combination of linguistic and metric constraints to assign pauses
3. Stylization and trajectory modelling of F0 contours

Contribution to the Integration of a Rich Linguistic Description

4. Use of deep syntactic parsing to model speech prosody characteristics

Contributions to the Modelling of Speaking Style

5. Study of the ability of listeners to identify a speaking style
6. Reference identification performance for the evaluation of speaking style modelling
7. Ability of discrete/continuous HMMs to model the characteristics of a speaking

style
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Further Directions

Modelling the Variety of Speech Prosody

� a speaker has various alternatives to

pronounce a same utterance (intra-speaker

variability)

� varying speech prosody will certainly improve

the naturalness of synthetic speech

� examples of various speech prosody

determined for the same sentence

Unified Modelling

� joint modelling of discrete/continuous

characteristics

� that also accounts for alternatives

� objective: improving the coherence and variety

of speech prosody

SPEAKER

HEY PATRICK! 
HEY PA-

TRICK!
HEY ##

PA- 

TRICK!
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