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Overview

» Speech synthesis technologies
= formant synthesis
~ HMM synthesis
<~ diphone synthesis
= unit selection synthesis
« voice conversion

» Research on emotional speech synthesis
< straightforward approach (and why not to do it)
«~ gystematic parameter variation: Burkhardt (2001)
< non-extreme emotions: Schroder (2004)
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Speech synthesis

Text or
Speech synthesis markup\ Either plain text or
v SSML document

natural language = text analysis
processing techniques

v

rosodic parameters Phonetic transcription
P pv \ Intonation specification
Pausing & speech timing

signal processing - audio generation

techniques

¢ ]]D —_ Wave or mp3
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Speech synthesis technologies

Text or
Speech synthesis markup
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t text analysis J
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prosodic parameters
v

audio generation
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+ Formant synthesis

+ HMM-based synthesis
+ Diphone synthesis

+ Unit selection synthesis
+ Voice conversion



Speech synthesis technologies
Formant synthesis

» Acoustic modelling of speech

» Many degrees of freedom, can potentially
reproduce speech perfectly

» Rule-based formant synthesis: Imperfect rules
for acoustic realisation of articulation
=> robot-like sound

Examples: neutral
angry angry

Janet Cahn (1990); ~ 12PR¥ Felix Burkhardt (2001); 22PPY
sad sad
fearful fearful
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Speech synthesis technologies

HMM synthesis

» Hidden Markov Models trained from speech
database(s)

» synthesis using acoustic model (MLSA)
=> robot-like sound

Examples:
_ trained trained
Miyanaga et al. (2004): from from
. COrpus: COrpus:
Parametrise HMM neutral 0.5joyful  joyful 1.5 joyful
output parameters using V-0 Joyldh - Joytul 1.0 JoyTul
a “style control” vector interpolated interpolated
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Speech synthesis technologies
Diphone synthesis

» Diphones = small units of recorded speech
<~ from middle of one sound to middle of next sound
~e.g.[grElt] = _-gg-rr-El EI-tt-_

» Signal manipulation to force pitch (FO) and
duration into a target contour
< Can control prosody, but not voice quality

Examples: neutral
angry angry
Marc Schrider (1999):  12PRY \gnasi Iriondo (2004):  12RRY
sad sad
fearful fearful
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Speech synthesis technologies
Diphone synthesis

» Is voice quality indispensable?
+ Interesting diversity of opinions in the literature

+ Tentative conclusion: “It depends!”

s ...on the emotion (Montero et al., 1999)
— prosody conveys surprise, sadness
— voice quality conveys anger, joy

s ...on speaker strategies (Schroder, 1999)
angry1 orig_angry1 angry2 orig_angry2
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Speech synthesis technologies
Diphone synthesis

» Partial remedy: Record voice qualities

» Schroder & Grice (2003): Diphone databases
with three levels of vocal effort

male: loud modal soft
female: loud modal soft

» Voice quality interpolation: Turk et al. (in prep.)

female; loud 1 2 modal 3 4 soft

» Not yet successful: smiling voice

modall smile1

modal2 smile2
Marc Schroder, DFKI 10




Speech synthesis technologies
Unit selection synthesis

» Select small speech units out of very large
speech corpus (e.g., 5 hours of speech)

» Avoid signal manipulation to maintain natural
prosody from the units

<+ Cannot control prosody or voice quality
<~ Very good “playback” quality with emotional

recordings
Examples:
angry 5
Akemi lida (2000):  happy Ellen Eide (IBM, 2004); ~ J22C0E
sad bad news
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Speech synthesis technologies
Voice conversion — How to learn a new voice ?

‘ Source \

parameters
speem

Alignment

A

>
«

Classification /
regression

parameters :
speech

Transformation

L

function

+ Learning data needed: about 5 minutes
+ Transformed parameters: timbre and F,

+ Conversion techniques: VQ, GMM, ...

+ Potential application to emotion

s source = neutral speech
s target = emotional speech

Marc Schroder, DFKI
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Speech synthesis technologies
Voice conversion — Transformation step

Source Converted

parameters C g parameters
> onversion Converted speech

Residual information

+ Analysis / synthesis: LPC, formant or HNM
+ Output quality of the converted speech

< Can be fairly good in terms of speaker (/emotion?) identification
<+ Degradation of naturalness

Example for speaker transformation:

source
France Téléecom target
speech synthesis team: conversion
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Speech synthesis technologies: Summary

» Current choice:

= “Explicit modelling” approaches
s low naturalness
= high flexibility, high control over acoustic parameters
s explicit models of emotional prosody
+~ “Playback™ approaches
= high naturalness
= no flexibility, no control over acoustic parameters
s emotional prosody implicit in recordings

» Technical challenge over next years:

combine the best of both worlds!
Marc Schroder, DFKI
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Research on emotional speech synthesis

The “straightforward” approach
(and why not to do it)

» The “straightforward” approach

« record one actor with four emotions
s anger, fear, sadness, joy (+neutral)

+ measure acoustic correlates
s overall pitch level + range, tempo, intensity
s copy synthesis or prosody rules, synthesise

+ forced-choice perception test with “neutral” text
s overall recognition rates

-~ ...and then?

“there has been neither continuity nor cumulativeness in the area of
the vocal communication of emotion”

(Scherer, 1986, p. 143)
Marc Schroder, DFKI 16



Research on emotional speech synthesis
The “straightforward” approach

(and why not to do it) Why these four?
May not be Applications don't need
representative Wg htforward” approd.__basic’ emotions
-+ record ' - emotions Emotion words too
Needed: quality control \ ambiguous — use
=_ange (e.g., expert rating) ‘neutral) f i
lose local effects Y- rame stories when

sure acoustic correlates recording

. mlalzall pitch level + range, tempo, intensity

lose interaction with - _
linguistic structure syn more and dlffergnt para'meters sise
. needed: voice quality!

- forced-choi eutral’ text

unexpected _,Averall recognition rates \. |Untypical for
? applications
bercepts? _land then? bP

Applications need  pgr continuitj\norl  How bad are errors?  pa of

suitability, not recognitionhication of em Need measure of

semantic similarity of states
(Scherer, 1986, p. 143) Y
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Emotional speech synthesis research
Listener-centred orientation

Perceptual Inferential
representation utilisation
. [j.iSt?El Proximal Listener
Indicator e
i percepts attribution
) §
-—
. S
>
D - P /

| J



Emotional speech synthesis research

Listener-centred approach: Burkhardt (2001)

#

#

Marc Schroder,

Stimuli: systematically varied selected acoustic
features using formant synthesis

< pitch height (3 variants)

-« pitch range (3 variants)

<~ phonation (5 variants)

-~ segment durations (4 variants)

< vowel quality (3 variants)

one semantically neutral sentence
+ Complete factorial design would be >2000 stimuli

+ tested three groups of parameters combinations

s Pitch/Phonation: 45 stimuli, Pitch/Segmental: 108 stimuli,

PhBII"__L?(tllon/Segmental: 60 stimuli 20



Emotional speech synthesis research

Listener-centred approach: Burkhardt (2001)

+ Forced choice perception test
-~ neutral, fear, anger, joy, sadness, boredom

=> Perceptually optimal values for each category

+ Second step:
< varied additional acoustic parameters

< further differentiation into subcategories:
s hot/cold anger, joy/happiness, despair/sorrow

Marc Schroder, DFKI 21



Emotional speech synthesis research

Dimensional approach: Schroder (2004)

+ Goals
+~ Model many, gradual states on a continuum
= Allow for gradual changes over time
+~ Model many acoustic parameters,
including voice quality
¥ 3Success criterion
= Voice “fits with” the text

Marc Schroder, DFKI
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Emotional speech synthesis research
Dimensional approach: Description system

+ Representation of emotional states in a 2-dim. space,
activation-evaluation space: VERY ACTIVE

-+ Essential emotional
properties in
listeners' minds

-« Continuous

VERY NEGATIV

Marc Schroder, DFKI

angry
afraid

excited
interested

happy
pleased

sad

bored

VERY POSITIVE

relaxed
content

VERY PASSIVE

23



Emotional speech synthesis research
Dimensional approach: Emotional prosody rules

Correlations

'J D ata ba Se a n a IyS I S Acoustic variable Activation Evaluation Power

female male female male female male

- Belfast Naturalistic Emotion Database: , _
. FO median ﬂ” Tr l | !
124 speakers, spontaneous emotions FO range T 1 |

med. magn. FO rises
range magn, FO rises

. 1
-+ Search for correlations between ; S TTT
el Inn,g,n. 1 ralls
T
|
|

emotion dimensions and
acoustic parameters

=

range magn. FO falls
med. dur. FO rises
rng. dur. FO rises

med. dur. FO falls

fundamental frequency

rng. dur. FO falls f

. . med. slope FO rises 1

'} ACt I Va tl O n med. slope FO falls 1
FO rises p. sec.
Fo falls p. sac.

- numerous, robust correlations

duration pauses
“tune’ duration f

—— | = - ——

temnpo

intensity peaks p. sec. 1
fricat. bursts p. sec. | [

+ Evaluation and Power

intensity median |
intensity range
dynamics at peaks

-+ fewer, weaker correlations

Imbe s .

spectral slope non-fric. ﬂ”
Hamm. ‘effort’ I
Hamm. ‘breathy’ |
Hamm. ‘head’

voice quality

Hamm. ‘coarse’

MarC SChl‘Oder, DFKI Hamm. ‘unstable’

——— —— [ —




Emotional speech synthesis research
Dimensional approach: Synthesis method

» Rules map each point in
emotion space onto its
acoustic correlates

VERY ACTIVE

» Flexibility: gradual build-up
wery  Of emotions, non-extreme
POSITVE  emotional states

VERY

NEGATIVE d/
\ » Emotions are not fully

VERY PASSIVE specified through the voice

-~ complementary information required:
verbal content, visual channel,
situational context

Marc Schroder, DFKI 25



Emotional speech synthesis research
Dimensional approach: Realisation in the system

written text
* dh
~
text analysis - K/

rules for
N intonation,
speech rate,...

phonetic transcription, intonation, rhythm...

-~

audio generation -

Y diphone synthesis
1 )]D with three voice qualities

Marc Schroder, DFKI 26
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~

Emotional speech synthesis research ™.

~

SABLE text

Sable Parser

SSML text

‘

SSIVIL Parser

MARY DFKI S SpeeCh SyntheS|SMaryXML markup skeleton

http://mary.dfki.de

» Developed in cooperation
with Institute of Phonetics,

Tokenlser

1
tokens & 'sentences

Preprocessing
1

expanded, pronéunceable forms

. Tagger+Chunker
Saarland Univ. parts-of-speech & syntactic phrases
: v T
r Languages. German, Inflectlon Endings

English v

v

» Transparent and flexible !

-« Modular eSS

phonemes, Word stress
syllable boundaries

- |nternal MaryXML format

- Input/output possible at all
intermediate processing steps

[1 allows for fine-grained control

Marc Schroder, DFKI

<

A 4

Phonol. Processes

1
pronunciati%n in contex

Acoustic Parameters

duration 8% FO values

Synthesis
v

cound

Prosody
i
!

pitch accents,

prosodic phrases
.............. Y bt -




Emotional speech synthesis research
Dimensional approach: Technical realisation

|
very active
Very negative very positive
VEry passive
Acl.ivatiun,b‘?— Text: ‘HurraJ wir haben es geschafft! | - |
Evaluation 42
= rivoon [ ]| oo |
plain text SABLE text SSML text

- 1 -
Rty | Sable Parser | /,JSSML Parserl
MaryXMI_ markup skeleton <

Tokeniser

I

tokens & sentences

]

Preprocessing

expanded, prongunceable forms

i

Tagger+Chunker

parts-of-speech & syntactic phrascs

-”’W“.nwn Prosody
i

k"”‘i"’” Letter-to-Sound
------------ :
phonemes, word stress, pitch accents,
syllable boundarics prosodic phrascs

Phonol. Processes

2
<

=1

=1

=]

8.

g

=1

tion in context

[Acoustic Parameters|

duration & 10 values

=]

Synthesis

@
a8
=1
B
o,

<emotion activation="67" eval uati on="42">
Hurra, wir haben es geschafft!

Emotional prosody rules
(XSLT stylesheet)

<maryxmn >

<pr osody accent-prom nence="+13%
accent - sl ope="+46% fricative-duration="+21%
| i qui d-duration="+13% nasal -duration="+13%
nunber - of - pauses="+47% pause-durati on="-13%
pi tch="134" pitch-dynam cs="+5%

pl osi ve-duration="+21%

pref erred-accent - shape="al t ernati ng"

pr ef erred- boundar y-type="hi gh" range="52"
range-dynam cs="+40% rate="+42% vol une="72"
vowel - durati on="+13% >

Hurra, wir haben es geschafft!

</ pr osody>

</ mar yxm >
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» Eight emotion-specific texts
» Prosodic parameters o

Emotional speech synthesis research
Dimensional approach: Listening test

predicted for each of the
eight emotional states , IB

Factorise text x prosody

=
2
=> 64 stimuli z g
. . . B -0 !
Listeners evaluate stimuli - ‘F B I
on a scale —
“‘How well does the G I

sound of the voice fit
to the text spoken?”

Evaluation

Marc Schroder, DFKI



Er erzahlt r[in;_Hh_LickentI', wie er seine Frau kennengelernt hat. Kennengelernt
haben wir uns, als wir h_éide:zurl.rhr-gegar}gﬁn-'sinEI. Ich weil nock, wie ich sie
das erste Mal gesehen habe: sie war am anderen Ende eines total
tiberfiillten Raums, und sie hatte diese wundervollen grofien braunen

Augen.”

| B & & # &




Emotional speech synthesis research
Dimensional approach: Listening test results

w Activation dimension
successfully conveyed /
perceived as intended

«w Evaluation dimension
less successful

¥ Acceptability is gradual:
Neighbouring states
more acceptable
than distant states .

Activation

F '
' A |

Bvaluation

Marc Schroder, DFKI Prosody B, all texts 31



Emotional speech synthesis research
Dimensional approach: Listening test results

w Activation dimension
successfully conveyed /
perceived as intended

«w Evaluation dimension
less successful

¥ Acceptability is gradual:
Neighbouring states
more acceptable
than distant states

-
0
©
i
3]
o

Evaluation
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Emotional speech synthesis research
Dimensional approach: Summary

» Flexible framework
» Successful in expressing degree of activation

» Failure to express evaluation
<+ sound of the smile?!

+ specialised modalities?
s text => evaluation
s yoice => activation

» Emotional prosody rules not fine-tuned
< only global evaluation so far

Marc Schroder, DFKI

33



Summary

» Speech synthesis technology
< data-driven or flexible

» Research on emotional prosody rules
+ |istener-centred task
+~ database analyses to be validated perceptually

Marc Schroder, DFKI
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Outlook: Speech synthesis research in HUMAINE

» Capability 5.2: Speech expressivity
-+~ address the dilemma of data-driven vs. flexible

+ investigate suitable measures for prosody and voice
quality in controlled recordings

+ attempt copy synthesis using different technologies
-+~ attempt voice conversion
< evaluate success of different methods

Marc Schroder, DFKI 35



