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Speech features

Telephone Speech dlgltal signal, 8 kHz
sample rate, 16 bit | mear PCM, Usually
decoded from GSM or a-law

Time domain vs fre uency domain > Fast
Fourier Transform (FFT

Mel Frequency Cepstral Coefficients
MFCC) used in Automatic Speech
ecognition (ASR) to model short frame

ms) frequency spectra speaker
|ndependent

Prosody

Microprosody, e.g.
Jitter/Shimmer

Pitch Durations Energy

Functionals: Mean, max/min, deviation,
regression, ...,

High-level cues
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Low-level cues
(physical traits)

Open source feature extraction: OpenEar, Praat
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Emotion models

=categories, e.g. anger, joy, ...

=dimensions, e.g. activation,
dominance, valence

=appraisals, e.g. novelty,
intrinsic pleasantness,
relevance, coping potential,
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frightened sad
spectrograms from emotional acted speech

source: TUB emotional database
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Applications

Mediated emotion a) . o) :>C]
» [imnn_e=3]

Affect recognition

Affect simulation c) @Q:@ d) @ﬁ:-

Modeling Emotional ==
intelligence

Modeling human e]@ﬂ:- @

emotional behaviour
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Applications speaker characteristics
simulation

Fun, e.g. emotional greetings
Prosthesis

Emotional chat avatars
Gaming, believable characters
Adapted dialog design
Adapted persona design

Target-group specific
advertising

* Believable agents, artificial
humans
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Tool: Speechalyzer

Applet
. Speechalyzer, version: 2.21
TOOl fOI’ VOICe No Session Name Size Transcript Label Prediction
1|recordings 2012.06.13-16.17.43.wav |4 sec just a test A(1.0)1.0 |G(0.44)
' . 2|recordings 2012.06.13-16.40.31.wav |2 sec another test N (0.2) 0.25 |N (0.44)
u tranSCrlptlon, ﬂrecordings 2012.06.13-16.41.06.wav |6 sec and again A(0.6)0.5.. |A(0.44)
. categorization,

10. of recordings: 3
" SyntheS|S = il T Z = directory [M] modei [H] rate: [ETTTER

= recognition MWMMEIMEIMEWIHI
- tuning nn--nmm

= evaluation
Open source SInCe 7/201 2 noanger 0.33 N langer044 M | Konfiguration:

, toggle transcript - recognition recognition > transcript
Implements EmotionML Standard T o [ oo EEEE
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Emofilt is an open source Java program
to simulate emotional arousal with
speech synthesis based on the free-for-
non-commercial-use MBROLA
synthesis engine.

NOT a complete text-to-speech system

Emofilt's language-dependent modules
are controlled by external XML:files and
it is as multilingual as MBROLA which

riirranths ciinnnrte 2R lanni 1IanAag

NLP
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PHO-File
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v

emofilt

DSP

MBROLA

Tool: Emofilt

3
fax file

M phoneme borders
syllable borders
phoneme labeles
frequency scale
time scale

@ help

emotion: joy, voice: enl




Tool: Mary Speech synthesizer

maRe
| i
Mary TTS is a text to speech system Eﬂ eX'f O ‘.[pee(:h

originally developed by Marc Schréder
| Mary GUI Client s =] s

/ Jurgen Trouvain at the Univ. Saarland
/ DFKI.

Input Type: Output Type: |AUDIO |v|
Willkommen in der Welt der Sprachsynthese!

It's open source, free and a great tool to
learn about Speech synthesis

It's a modular system written in Java for
several processing steps, each process
result can be viewed in XML format.

Audio Effects:

[] Volume amount:2.0;
[] TractScaler |amount1.5;
[] Robot amount:100.0;
[ ] whisper  |amoun t100.0;
[] stadium  |amoun t100.0

We will try it out

1]

Bring a laptop with Java latest version
on it and an internet connection

Voice: |dfki-pavogue-neutral (German, male) | - ‘
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Speech synthesis approach

NLP natural
language

) processing

T

preprocessing

! phonetic transcription
prosody track

morpho-syntactic analysis

transpcription

prosody modeling

DSP digital
speech
processing

>

T

unit concatenation / search
prosody fitting
edge smoothing
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Speech synthesis: technology

signal modeling system modeling |

; -
articulatory synthesis
i vocal tract shape synthesis

- v S

. expert systems | statistical model generated | non-uniform unit selection | | concatenative synthesis |
i formant synthesis i i i i

HIVIM hidden markov models

ANN neural nets

MER multi band resynthesis :
formants :

i coding of units | i type of units
7 = * . syllables,
! ¥ i diphones.
i parametric coded i waveform coded allophones,
i LPC linear predictive coding i PCM subsegments
. MFCC mel frequency cepstral . LDM (linear delta mod.) :

Ad

hybrid approaches
MBRFSOLA, RELP
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Historic development

natural sounding

domain dependent non-uniform unit
selection
e.g. RealSpeak
PSOLA based
synthesis
formant synthesise'g' Elan
_ e.g. Dec Talk
articulatory
van Kempelen | | |
flexible 1780 ... 1980 1990 2000 not flexible
historic. modern

artificial sounding
domain independent
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Simulation: technology

natural sounding

flexible modification

prosody manipula-

tion

voice quality manip-
ulation

formant
thesis

Syn-

articulatory
synthesis

diphone-
based synthe-
sis
non-uniform
unit selection

HMM-based
synthesis
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inherent buzziness
due to inadequate
source-filter model-
ing

only copy synthesis
possible

limited natural-
ness due to many
concatenation points
quite natural within
the domain of the
database

introduces
buzziness

slight

very flexible due to
full parametric con-
trol

theoretically very
flexible due to direct
physical modeling of
muscle tension

only with respect to
prosodic variation

no flexibility outside
the scope of the
database

yves, even linear in-
terpolation between
styles possible

rule based flexibility

without limitation

ves, but high jumps

introduce audible
distortions

only il emotional
models are part of
the concatenation
function

ves, if emotional data
is part of the database

rule based flexibility

yes

@ p)

only by using several Y
databases W C)
only if emotional

models are part of d)
the concatenation™
function
yves, due
lying
model

to under-
source-filter

¢ e)

a) Emofilt, b) VoiceTract ¢) EmoFilt, d) E. Eide (IBM), e) Kobayashi Lab

)
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Simulation: further examples

* Laughter synthesis ¢ a)
(mass spring model)
¢ @ p)
e Kismet robot (formant

synthesis) -

c)

* Voice transformation
(LF and harmonic
model)

a) S. Sundaram, SAIL b) C. Breazeal, MIT ¢) Y. Agiomyrgiannakis and O. Rosec, Orange Labs
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~Simulation: evaluation
a) emotion recognition b) user studies

Neut. Zorn Aerg. Zufr. Freu. wein.Tr. st.Tr. Angst Lang.

Neut, T _ _ -_— _ - _ _ -
55.4 0.5 o 21.4 o 1.2 7.1 1.8 12.5
Zorn — - - J— f— f— J— f— J—
4.8 28 6 381 a8 v 71 o 95 o
ACTE —_ - — _ — _ _ _
12 1.9 59.5 7 o 2.4 o o o
1a o o 619 143 o o o 1na
— —_ —_ . face eech
Fren. — = - - - - iCat role Measure neutral sp
2.4 as as as &1 o o za o only & face
r o~ 3
o correct
r( rgnition 78.1 884 84.4
. ecog
w.Tr. — — — — — - — - — companion = -
24 o o Ee o s as s o reaction time 5.7 5.0 56
(in sec) B B o
r o~ 3
o correct L
s.Tr. — — — — — —-— - — -— D 75.0 606.7 66.7
2.4 o 48 o o 262 361 24 252 educator ‘lnf’“ Lfr.f’
reaction time
N 5.9 5.9 4.7
{in sec)™
Ang. - - - - - motivator Z-sCOore -0.28 .03 .25
24 4.5 7 45 118 145 24 524 o - b _ mSseore i b b

a) F. Burkhardt 2000 b) J. Kessens et al ACII 2009
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Evaluation: storyteller

B Affective Storyteller rs1_e.txt

Es war einmal ein armer Miller, der hatte eine sehr schone Tochter. Er ging zum Konig und sagte
Werter Konig, ich habe eine Tochter, die kann Stroh zu Gold spinnen!

Der Konig schickte nach der Tochter, fahrte sie in eine Kammer voll Stroh und sagte

Spinne dieses Stroh bis morgen fruh zu Gold. Schaffst du es nicht, sollst du sterben!

Darauf wurde die Kammer verschlossen und sie war allein.

Da saft die arme Tochter nun und wulte sich keinen Rat

Sle wulite Ja gar nicht, wie man Stroh zu Gold spinnen konnte,

| pay | paysingie | stop | load | save | saveas | saveoudo | et | N
© fooredom [despai| - rappy]
© Eenger] © sl <
o] - oinnger] - aie]
story speaker facts
o — © - ~ - ——
© - w0 - —_— © A
|
; w - o
- - - - i !
. - - H
™ - 1 ™ - ! :
— | | = " —
0 T “ o 7 :
T — o . i T —
E NE E NE E NE

F. Burkhard': An Affective Spoken Story Teller Interspeech, 2011



Outlook Simulation

e Unified models from non-uniform unit selection and HMM
based synthesis

 Models for extralinguistic speech sounds

* Enhanced voice source — vocal tract (source filter) models for
parametric synthesis

e Speaking style variations (informal, news-style, flirtatious)
* Fast building of new speech databases
 New voice transformation techniques
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Thanks

Felix.Burkhardt@telekom.de



