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Automatic Text-To-Speech synthesis Introduction

Introduction

Uses of speech synthesis by computer
@ Read aloud existing text, eg, news, email and stories

@ Communicate volatile data as speech, eg, weather reports, query
results

@ The computer part of interactive dialogs

The building block is a Text-to-Speech system that can handle standard
text with a Speech Synthesis (XML) markup. The TTS system has to be
able to generate acceptable speech from plain text, but can improve the
quality using the markup tags
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Automatic Text-To-Speech synthesis @ TSI

Computer Speech: Generating the sound

Speech Synthesizers can be classified on the way they generate speech
sounds. This determines the type, and amount, of data that have to be
collected.

Speech Synthesis
@ Articulatory models
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Automatic Text-To-Speech synthesis @ TSI

Computer Speech: Generating the sound

Speech Synthesizers can be classified on the way they generate speech
sounds. This determines the type, and amount, of data that have to be
collected.

Speech Synthesis

@ Articulatory models

@ Rules (formant synthesis)
@ Diphone concatenation
°

Unit selection
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Eemprier gz
Computer Speech: Articulatory models

Characteristics (/ers/ from Praat) [Boersma(1998)]

@ Quantitative Source-Filter model of vocal tract

A
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Eemprier gz
Computer Speech: Articulatory models

Characteristics (/ers/ from Praat) [Boersma(1998)]
@ Quantitative Source-Filter model of vocal tract
@ Solve Navier-Stokes equations for air-flow

@ Needs hard-to-get articulatory data
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Eemprier gz
Computer Speech: Rule, or formant, based synthesis

Cascade Branch
‘ Control Parameters |
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Source Model Filter Model

Klatt synthesizer [Sproat(), SRL()]

Characteristics ( YorkTalk [Mohler(2005)])

@ Recreate sounds using source and resonances
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Eemprier gz
Computer Speech: Rule, or formant, based synthesis

Cascade Branch

Source
e w1 B e -

Source Model Filter Model

Klatt synthesizer [Sproat(), SRL()]

Characteristics ( YorkTalk [Mohler(2005)])
@ Recreate sounds using source and resonances
@ Model formant tracks by rules

@ Endless tuning, no data driven modelling possible

4

van Son & Weenink (IFA, ACLC) Speech recognition and synthesis Fall 2007 115 / 317



Eemprier gz
Computer Speech: Diphone synthesis
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Characteristics ( Spengi, Philips/IPO [M&hler(2005)])

@ Concatenative synthesis: Glue phoneme-phoneme transitions

4

van Son & Weenink (IFA, ACLC) Speech recognition and synthesis Fall 2007 116 / 317



Eemprier gz
Computer Speech: Diphone synthesis

File FEdit Query Yiew Select Interval Boundary Tier Spectrum Pitch Intensity Formant Pulses Help
i
ozess7alngrzan[ossrsre
02204 3
o
i
a2
+1 ml In nd |s@ | @r e
= o700 ozs6s08
000000 Window 0644062 sscon 05
Toe raton 0 44062 seconds
ain i | ot | sel |7 7= 4 e

Characteristics ( Spengi, Philips/IPO [M&hler(2005)])
@ Concatenative synthesis: Glue phoneme-phoneme transitions

@ Good quality, but requires all phoneme combinations to be present
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Eemprier gz
Computer Speech: Diphone synthesis
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Characteristics ( Spengi, Philips/IPO [M&hler(2005)])
@ Concatenative synthesis: Glue phoneme-phoneme transitions
@ Good quality, but requires all phoneme combinations to be present

@ Sound encoding must allow intonation changes

4
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Eemprier gz
Computer Speech: Non-uniform unit selection

Generalize diphone synthesis to use larger, non-uniform, units like:
diphones, multiphones (clusters), demi-syllables, syllables, words,
and short phrases

Characteristics ( Festival [Black and Lenzo(2003a)])

@ Requires large annotated speech corpora (~ GByte range)

"
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Automatic Text-To-Speech synthesis @ TSI

Computer Speech: Non-uniform unit selection

Generalize diphone synthesis to use larger, non-uniform, units like:
diphones, multiphones (clusters), demi-syllables, syllables, words,
and short phrases

Characteristics ( Festival [Black and Lenzo(2003a)])
@ Requires large annotated speech corpora (~ GByte range)
@ Corpus must be well annotated and searchable

o Efficient statistical search algorithms to optimize unit selection based
on prosody and concatenation costs
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Compui; Sipecd
Computer Speech: Non-uniform unit selection

Generalize diphone synthesis to use larger, non-uniform, units like:
diphones, multiphones (clusters), demi-syllables, syllables, words,
and short phrases

Characteristics ( Festival [Black and Lenzo(2003a)])

@ Requires large annotated speech corpora (~ GByte range)

@ Corpus must be well annotated and searchable

Efficient statistical search algorithms to optimize unit selection based
on prosody and concatenation costs

More speech in corpus = Better synthesis

But also = More work to find the best combination

"
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Automatic Text-To-Speech synthesis @ TSI

Computer Speech: Text-to-Speech

Text in Speech out: Processing “steps”

@ Text normalization
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Automatic Text-To-Speech synthesis @ TSI

Computer Speech: Text-to-Speech

Text in Speech out: Processing “steps”
@ Text normalization
@ Grapheme Phoneme conversion
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Eemprier gz
Computer Speech: Text-to-Speech

Text in Speech out: Processing “steps”
@ Text normalization
@ Grapheme Phoneme conversion
@ Accent placement

@ Duration generation
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Eemprier gz
Computer Speech: Text-to-Speech

Text in Speech out: Processing “steps”
@ Text normalization
@ Grapheme Phoneme conversion
@ Accent placement
@ Duration generation

@ Intonation generation
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Eemprier gz
Computer Speech: Text-to-Speech

Text in Speech out: Processing “steps”
@ Text normalization

Grapheme Phoneme conversion

Accent placement

Duration generation

Intonation generation

Speech Generation

Eas
B 8
lage

van Son & Weenink (IFA, ACLC) Speech recognition and synthesis Fall 2007 118 / 317



Text preprocessing: Normalize texts

Text should contain only pronounceable tokens

@ Abbreviations

Join Kerry Stratton & his guest chamber orchestra as they bring the music of the Italian

Maestro to life on our stage. Tickets $46.00

5 Easy Ways to Order Tickets

A Visit our Box Office (map) Mon through Sat, 11:00 a.m. to 6:00 p.m. Summer Hours: July 4

to Sept 2, 2005 - 11:00 a.m. to 4:30 p.m.

B Call our Box Office at 905-305-SHOW (7469) or Toll Free at 1-866-768-8801 (not available in

416/647 area codes).

C Fax your order form to 905-415-7538.

D Return your completed order form with payment to: Markham Theatre, 171 Town Centre

Blvd., Markham, ON, L3R 8G5. %
]

EE]

il
E Online ticket sales are currently only available for Single Tickets beginning September 13, \%%E

Ll
2005.
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Text preprocessing: Normalize texts
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Text preprocessing: Normalize texts

Text should contain only pronounceable tokens

@ Abbreviations @ Money
@ Dates
@ Times

@ Telephone numbers

Join Kerry Stratton & his guest chamber orchestra as they bring the music of the Italian
Maestro to life on our stage. Tickets $46.00

5 Easy Ways to Order Tickets

A Visit our Box Office (map) Mon through Sat, 11:00 a.m. to 6:00 p.m. Summer Hours: July 4
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D Return your completed order form with payment to: Markham Theatre, 171 Town Centre
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E Online ticket sales are currently only available for Single Tickets beginning September 13, |

2005.
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Text preprocessing: Normalize texts

Text should contain only pronounceable tokens

@ Abbreviations @ Money
@ Dates @ Street Addresses
@ Times @ General numbers

@ Telephone numbers

Join Kerry Stratton & his guest chamber orchestra as they bring the music of the Italian
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5 Easy Ways to Order Tickets
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Text preprocessing: Normalize texts

Text should contain only pronounceable tokens

@ Abbreviations @ Money

@ Dates @ Street Addresses

@ Times @ General numbers
o

@ Telephone numbers Special characters

Join Kerry Stratton & his guest chamber orchestra as they bring the music of the Italian
Maestro to life on our stage. Tickets $46.00

5 Easy Ways to Order Tickets

A Visit our Box Office (map) Mon through Sat, 11:00 a.m. to 6:00 p.m. Summer Hours: July 4
to Sept 2, 2005 - 11:00 a.m. to 4:30 p.m.

B Call our Box Office at 905-305-SHOW (7469) or Toll Free at 1-866-768-8801 (not available in
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C Fax your order form to 905-415-7538.

D Return your completed order form with payment to: Markham Theatre, 171 Town Centre
Blvd., Markham, ON, L3R 8G5.

E Online ticket sales are currently only available for Single Tickets beginning September 13, |

2005.
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PANT¥eT) BTl [N [T I IO Sl Grapheme to Phoneme conversion

Grapheme to Phoneme conversion:
By dictionary and rules

Tokenize the text and look up the words in a pronunciation dictionary.

If not found, use rules
@ Dictionary entries: ("dictionary" nil (d ihl k sh ax n ehl r

iy0))
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Grapheme to Phoneme conversion:
By dictionary and rules

Tokenize the text and look up the words in a pronunciation dictionary.

If not found, use rules

@ Dictionary entries: ("dictionary" nil (d ihl k sh ax n ehl r

iy0))
@ Rules: ( LC [ alpha ] RC => beta )
e (# [ ch]r=>k) “ch” word initially in English
o (

# [ ch] =>ch) “ch” word initially in English
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Grapheme to Phoneme conversion:
By dictionary and rules

Tokenize the text and look up the words in a pronunciation dictionary.

If not found, use rules

@ Dictionary entries: ("dictionary" nil (d ihl k sh ax n ehl r

iy0))
@ Rules: ( LC [ alpha ] RC => beta )
e (# [ ch]r=>k) “ch” word initially in English
e (# [ ch ] =>ch) “ch” word initially in English
e ( [ ¢1 =>k ) default rule for “c"
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PANT¥eT) BTl [N [T I IO Sl Grapheme to Phoneme conversion

Grapheme to Phoneme conversion:
By dictionary and rules

Tokenize the text and look up the words in a pronunciation dictionary.
If not found, use rules
@ Dictionary entries: ("dictionary" nil (d ihl k sh ax n ehl r
iy0))
@ Rules: ( LC [ alpha ] RC => beta )
e (# [ ch]r=>k) “ch” word initially in English
e (# [ ch ] =>ch) “ch” word initially in English
e ( [ ¢1 =>k ) default rule for “c"

After all words have been converted, there is a second pass to catch
changes at word boundaries and general effects of running speech ﬁ,ﬁ
i
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AT ¥eT) ol [N [T I Sl Morphological decomposition

Morphological decomposition: Out-of-Vocabulary words

Compound words and other words not in the dictionary are common
@ Compound words are common in many languages, eg, German,
Dutch, Finnish, Turkish
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AT ¥eT) ol [N [T I Sl Morphological decomposition

Morphological decomposition: Out-of-Vocabulary words

Compound words and other words not in the dictionary are common
@ Compound words are common in many languages, eg, German,
Dutch, Finnish, Turkish
@ Compound word consist of lexical words that are connected with
infixes, eg, -s- and surrounded by affixes, eg, a-, in-, -ed
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Wisigtisttagez) dbemmpestien
Morphological decomposition: Out-of-Vocabulary words

Compound words and other words not in the dictionary are common

@ Compound words are common in many languages, eg, German,
Dutch, Finnish, Turkish

@ Compound word consist of lexical words that are connected with
infixes, eg, -s- and surrounded by affixes, eg, a-, in-, -ed

@ Compounding or affixes can change the pronunciation and
orthography of a word component, eg, Kunst — Kiinst+ler )
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Wisigtisttagez) dbemmpestien
Morphological decomposition: Out-of-Vocabulary words

Compound words and other words not in the dictionary are common

@ Compound words are common in many languages, eg, German,
Dutch, Finnish, Turkish

@ Compound word consist of lexical words that are connected with
infixes, eg, -s- and surrounded by affixes, eg, a-, in-, -ed

@ Compounding or affixes can change the pronunciation and
orthography of a word component, eg, Kunst — Kiinst+ler )

@ Parse complex words with a statistical weighted finite-state transducer
(WFST) [Mobius(1998)]
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e I8 E e
Morphological decomposition: German examples

Unerfindlichkeitsunterstellung
“allegation of incomprehensibility”
WFST states: START PREFIX ROOT INFIX SUFFIX END
German decompositions [Mobius(1998)]

@ gener+ator “generator”
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Morphological decomposition: German examples

Unerfindlichkeitsunterstellung
“allegation of incomprehensibility”
WFST states: START PREFIX ROOT INFIX SUFFIX END
German decompositions [Mobius(1998)]

@ gener+ator “generator”

@ honor+ar ‘fee”
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Morphological decomposition: German examples

Unerfindlichkeitsunterstellung
“allegation of incomprehensibility”

WEST states: START PREFIX ROOT INFIX SUFFIX END
German decompositions [Mobius(1998)]

@ gener+ator “generator”
@ honor+ar “fee”

@ Schwind+sucht “consumption”
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Wisigtisttagez) dbemmpestien
Morphological decomposition: German examples

Unerfindlichkeitsunterstellung
“allegation of incomprehensibility”

WEST states: START PREFIX ROOT INFIX SUFFIX END
German decompositions [Mobius(1998)]

@ gener+-ator “generator”
@ honor+ar ‘“fee”
@ Schwind+sucht “consumption”

o Arbeit+s+amt “employment agency”
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Wisigtisttagez) dbemmpestien
Morphological decomposition: German examples

Unerfindlichkeitsunterstellung
“allegation of incomprehensibility”

WEST states: START PREFIX ROOT INFIX SUFFIX END
German decompositions [Mobius(1998)]

@ gener+-ator “generator”
honor+-ar “fee”
Schwind+sucht “consumption”

Arbeit+s+amt “employment agency”

Sonne+n+schein “sunshine”
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Automatic Text-To-Speech synthesis Morphological decomposition

Morphological decomposition: German examples

Unerfindlichkeitsunterstellung
“allegation of incomprehensibility”
WFST states: START PREFIX ROOT INFIX SUFFIX END
German decompositions [Mobius(1998)]

gener+ator “generator”

honor+-ar “fee”

Schwind+sucht “consumption”
Arbeit+s+amt “employment agency”
Sonne+n+schein “sunshine”

Un+-er+find+lich+keit+s+unter+stel+lung “allegation of
incomprehensibility”

v
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iaiplieltegez) dEEampesiie
Morphological decomposition: Decomposition

noun forming prefixes noun forming suffixes

N | Ftyp | nl P N | Fyp | nl P
*schwind- 1 1 1 1 -chen 1140 | 255 ] 42 | 0.0368
vor- 104 14 2 [ 0.0192 || -ling 278 20 3 | 00108
be- 600 6 1 [ 0.0017 || -heit 604 7 2 [ 00033
ge- 8125 | 164 | 10 [ 0.0012 [[ -schaft | 11109 [ 171 [ 15 | 0.0014
semi- 12 3 0 | 0.0000 [f -et 51 1 0 | 0.0000

adjective forming prefixes adjective forming suffixes

N | Ftyp | nl P N | Ftyp | nl P
1 1 1 1 -haft 1107 | 102 ] 14 | 00126
108 10 1 [ 0.0093 || -voll 132 6 1 | 0.0076
un- 10010 | 601 | 64 | 0.0064 || -ir 502 17 1 [ 0.0020
in- 219 49 1 [ 0.0046 || -lich 32168 | 569 | 51 | 0.0016
aller- 42 2 0 [ 0.0000 [ -1g 3966 401 3 | 0.0008

verb forming prefixes verb forming suffixes

N | Ftyp | nl P N | Fyp | nl P
weit- 94 [ 3100318 [ -er 65 241 5100769
VOI- 1401 31 4 10.0029 [ el 1197 86 [ 1T [ 0.0092
ent- 13007 | 200 | 18 | 0.0014 || -isier 1019 75 7 | 0.0069

ver- 53899 | 930 [ 71 | 0.0013
dar- 1071 6 1 [ 0.0009

Use a dictionary and include a morphological compound list with
pronunciations. [Mobius(1998)]
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Prominence

Some words are more prominent than others. They are:

@ Accented, i.e. carry a pitch movement

Prominence is determined by
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Lexical stress and sentence accent: Prominence

Some words are more prominent than others. They are:

@ Accented, i.e. carry a pitch movement

@ Longer
.
Prominence is determined by
v
i
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Lexical stress and sentence accent: Prominence

Some words are more prominent than others. They are:

@ Accented, i.e. carry a pitch movement

@ Longer

o Louder
.

Prominence is determined by
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Prominence

Some words are more prominent than others. They are:

Accented, i.e. carry a pitch movement

°
@ Longer
@ Louder
°

Less reduced

Prominence is determined by
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Prominence

Some words are more prominent than others. They are:

Accented, i.e. carry a pitch movement

°
@ Longer
@ Louder
°

Less reduced

Prominence is determined by
@ Word type, function words are almost never prominent
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Prominence

Some words are more prominent than others. They are:
@ Accented, i.e. carry a pitch movement
@ Longer
@ Louder

@ Less reduced

Prominence is determined by
@ Word type, function words are almost never prominent

e Word frequency, rare words are prominent more often

van Son & Weenink (IFA, ACLC) Speech recognition and synthesis Fall 2007

124 / 317



Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Prominence

Some words are more prominent than others. They are:
@ Accented, i.e. carry a pitch movement
@ Longer
@ Louder

@ Less reduced

Prominence is determined by
@ Word type, function words are almost never prominent
e Word frequency, rare words are prominent more often

@ New information is prominent, given is not
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Prominence

Some words are more prominent than others. They are:
Accented, i.e. carry a pitch movement

°
@ Longer
@ Louder
°

Less reduced

Prominence is determined by
@ Word type, function words are almost never prominent
e Word frequency, rare words are prominent more often
@ New information is prominent, given is not

@ Not too many prominent words in a row
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Prominence

Some words are more prominent than others. They are:
@ Accented, i.e. carry a pitch movement
@ Longer
@ Louder

@ Less reduced

Prominence is determined by
@ Word type, function words are almost never prominent
e Word frequency, rare words are prominent more often
@ New information is prominent, given is not

@ Not too many prominent words in a row

There are rules for assigning prominence, but they need good POS
tagging. Just accenting every content words works too
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Syllable stress

Some syllables are more prominent than others. They are:
o Longer
Syllable stress is determined by
H
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Lexical stress and sentence accent: Syllable stress

Some syllables are more prominent than others. They are:
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Lexical stress and sentence accent: Syllable stress

Some syllables are more prominent than others. They are:
o Longer
e Louder
@ Less reduced )
Syllable stress is determined by
H
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Syllable stress

Some syllables are more prominent than others. They are:

o Longer
o Louder

@ Less reduced

Syllable stress is determined by
@ The lexicon or language (lexical/fixed stress positions)
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Syllable stress

Some syllables are more prominent than others. They are:

o Longer
o Louder

@ Less reduced

Syllable stress is determined by
@ The lexicon or language (lexical/fixed stress positions)

@ Syllable weight, “heavy” syllables are stressed
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Syllable stress

Some syllables are more prominent than others. They are:
o Longer
e Louder

@ Less reduced

Syllable stress is determined by
@ The lexicon or language (lexical/fixed stress positions)
@ Syllable weight, “heavy” syllables are stressed

@ No stressed syllables in a row
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Syllable stress

Some syllables are more prominent than others. They are:
o Longer
e Louder

@ Less reduced

Syllable stress is determined by
@ The lexicon or language (lexical/fixed stress positions)
Syllable weight, “heavy” syllables are stressed

°
@ No stressed syllables in a row
°

Informative syllables are stressed
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Syllable stress

Some syllables are more prominent than others. They are:
o Longer
e Louder

@ Less reduced

Syllable stress is determined by
@ The lexicon or language (lexical /fixed stress positions)
@ Syllable weight, “heavy” syllables are stressed
@ No stressed syllables in a row

@ Informative syllables are stressed

4

Mostly, you can get away with either the lexicon, or fixed positions. ‘
Syllable stress shifts in compound words. Morphological decomposition éﬂgﬂé
gives rules for these shifts d
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Phrase boundaries

Intonation covers utterances of a few words at a time (around 5-7).
Breaking up sentences at acceptable places is difficult

@ Use punctuation
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Phrase boundaries

Intonation covers utterances of a few words at a time (around 5-7).
Breaking up sentences at acceptable places is difficult

@ Use punctuation
@ Guess boundaries on POS tags (HMM style)
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Phrase boundaries

Intonation covers utterances of a few words at a time (around 5-7).
Breaking up sentences at acceptable places is difficult

@ Use punctuation

@ Guess boundaries on POS tags (HMM style)

@ Do a partial syntactic parse and use phrases )
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Automatic Text-To-Speech synthesis Lexical stress and sentence accent

Lexical stress and sentence accent: Phrase boundaries

Intonation covers utterances of a few words at a time (around 5-7).
Breaking up sentences at acceptable places is difficult

@ Use punctuation
@ Guess boundaries on POS tags (HMM style)

@ Do a partial syntactic parse and use phrases

In general, it is difficult to go beyond punctuation and some simple
heuristics without syntactic parsing
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Automatic Text-To-Speech synthesis Duration

Duration

Phoneme duration is determined by:

@ Phoneme identity
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Automatic Text-To-Speech synthesis Duration

Duration

Phoneme duration is determined by:
@ Phoneme identity
@ Surrounding phonemes
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Automatic Text-To-Speech synthesis Duration

Duration

Phoneme duration is determined by:
@ Phoneme identity
@ Surrounding phonemes
@ Sentence accent/prominence
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Automatic Text-To-Speech synthesis Duration

Duration

Phoneme duration is determined by:
@ Phoneme identity
@ Surrounding phonemes
@ Sentence accent/prominence

@ Syllable stress
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Automatic Text-To-Speech synthesis Duration

Duration

Phoneme duration is determined by:
@ Phoneme identity
@ Surrounding phonemes
@ Sentence accent/prominence

@ Syllable stress
@ Syllable length and position (Onset, Coda)
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Automatic Text-To-Speech synthesis Duration

Duration

Phoneme duration is determined by:
@ Phoneme identity
Surrounding phonemes
Sentence accent/prominence
Syllable stress
Syllable length and position (Onset, Coda)
Word length
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Automatic Text-To-Speech synthesis Duration

Duration

Phoneme duration is determined by:
@ Phoneme identity
Surrounding phonemes
Sentence accent/prominence
Syllable stress
Syllable length and position (Onset, Coda)
Word length

Phrase/sentence boundary position
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Automatic Text-To-Speech synthesis Duration

Duration

Phoneme duration is determined by:
@ Phoneme identity
Surrounding phonemes
Sentence accent/prominence

Syllable stress

Word length

°
°
°
@ Syllable length and position (Onset, Coda)
°
@ Phrase/sentence boundary position

°
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Automatic Text-To-Speech synthesis Duration

Duration

Phoneme duration is determined by:
@ Phoneme identity
Surrounding phonemes
Sentence accent/prominence

Syllable stress

Word length

Phrase/sentence boundary position

°
°
°
@ Syllable length and position (Onset, Coda)
°
°
°

These factors are used to construct statistical models from annotated

speech corpora. Golden standard is Correlation and Regression Trees %ﬁ%
. . BEHEB
(CART). But many other statistical methods are used E@
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Automatic Text-To-Speech synthesis Intonation

Intonation

A

%L H'L L%

With the durations known, the pitch contour can be calculated

@ Speaker and style determine the pitch range

A\

EE]
B BB
B BB
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Automatic Text-To-Speech synthesis Intonation

Intonation

A

%L H'L L%

With the durations known, the pitch contour can be calculated
@ Speaker and style determine the pitch range

@ Give each accent a pitch movement shape and size

A\

EE]
B BB
B BB
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Automatic Text-To-Speech synthesis Intonation

Intonation

A

%L H'L L%

With the durations known, the pitch contour can be calculated
@ Speaker and style determine the pitch range
@ Give each accent a pitch movement shape and size

@ Assign each vowel its target Fy value

A\

EE]
B BB
B BB
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Automatic Text-To-Speech synthesis Intonation

Intonation

A

%L H'L L%

With the durations known, the pitch contour can be calculated
@ Speaker and style determine the pitch range
@ Give each accent a pitch movement shape and size
@ Assign each vowel its target Fy value
@ Interpolate the values into a valid contour

A\

EE]
B BB
B BB
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Automatic Text-To-Speech synthesis Intonation

Intonation

A

%L H'L L%

With the durations known, the pitch contour can be calculated
@ Speaker and style determine the pitch range
@ Give each accent a pitch movement shape and size
@ Assign each vowel its target Fy value
@ Interpolate the values into a valid contour
o

Assign each phoneme it's Fy values

Eﬁﬂ;ﬁ"‘
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Automatic Text-To-Speech synthesis

Acoustic realization, PSOLA, MBROLA

Acoustic realization

, PSOLA, MBROLA

A A

s

A

AT VA4

o

WW

Multi Band Excitation (Time Domain) Pitch Synchronous Overlap

Add [MBROLA(2005)]

@ Mark all pitch periods (blue pulses in Praat)

v
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Acoustic realization

, PSOLA, MBROLA

A A

s

A

AT VA4

o

WW

Multi Band Excitation (Time Domain) Pitch Synchronous Overlap

Add [MBROLA(2005)]

@ Mark all pitch periods (blue pulses in Praat)

o Fixed periods for voiceless speech

v
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Automatic Text-To-Speech synthesis

Acoustic realization, PSOLA, MBROLA

Acoustic realization

, PSOLA, MBROLA

A A

s

A

AT VA4

o

WW

Multi Band Excitation (Time Domain) Pitch Synchronous Overlap

Add [MBROLA(2005)]

@ Mark all pitch periods (blue pulses in Praat)

o Fixed periods for voiceless speech

@ Window speech around each mark

v
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Automatic Text-To-Speech synthesis Acoustic realization, PSOLA, MBROLA

Acoustic realization, PSOLA, MBROLA

N\/‘u\/w
AMASAMAAAAMAAT YA

Multi Band Excitation (Time Domain) Pitch Synchronous Overlap
Add [MBROLA(2005)]

@ Mark all pitch periods (blue pulses in Praat)

@ Fixed periods for voiceless speech
@ Window speech around each mark

@ To lengthen/shorten a sound, reduplicate/delete periods

v
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Automatic Text-To-Speech synthesis BWAXLIIE (N EE|[FE1ae])]

Acoustic realization, PSOLA, MBROLA

, PSOLA, MBROLA

M

e

A

o

%M—wwm

WW

Multi Band Excitation (Time Domain) Pitch Synchronous Overlap

Add [MBROLA(2005)]

Mark all pitch periods (blue pulses in Praat)
Fixed periods for voiceless speech

Window speech around each mark

To lengthen/shorten a sound, reduplicate/delete periods

To increase/decrease Fg, shorten/lengthen times between periods

V.
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Automatic Text-To-Speech synthesis Acoustic realization, PSOLA, MBROLA

Acoustic realization, PSOLA, MBROLA

N\/‘u\/w
AMASAMAAAAMAAT YA

Multi Band Excitation (Time Domain) Pitch Synchronous Overlap
Add [MBROLA(2005)]

Mark all pitch periods (blue pulses in Praat)

Fixed periods for voiceless speech
Window speech around each mark
To lengthen/shorten a sound, reduplicate/delete periods

To increase/decrease Fg, shorten/lengthen times between periods

Synthesize sound by summing windowed periods at their correct time
position
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Automatic Text-To-Speech synthesis Nextens

Nextens
‘Nederlandse Extensie voor Tekst naar Spraak’' or ‘Dutch Extension for
Text to Speech’ example

Nextens runs on top of Festival [Nextens(2003), Festvox(2005)]

@ New Dutch voices in Festival

v
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Automatic Text-To-Speech synthesis Nextens

Nextens

‘Nederlandse Extensie voor Tekst naar Spraak’' or ‘Dutch Extension for
Text to Speech’ example

Nextens runs on top of Festival [Nextens(2003), Festvox(2005)]

@ New Dutch voices in Festival
@ Nintens GUI (io, commandline in Festival)

v
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Automatic Text-To-Speech synthesis Nextens

Nextens

‘Nederlandse Extensie voor Tekst naar Spraak’' or ‘Dutch Extension for
Text to Speech’ example

Nextens runs on top of Festival [Nextens(2003), Festvox(2005)]

@ New Dutch voices in Festival
@ Nintens GUI (io, commandline in Festival)

@ Auvailable for non-commercial use (not Open Source)

v
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Automatic Text-To-Speech synthesis Nextens

Nextens

‘Nederlandse Extensie voor Tekst naar Spraak’' or ‘Dutch Extension for

Text to Speech’ example

Nextens runs on top of Festival [Nextens(2003), Festvox(2005)]
@ New Dutch voices in Festival
@ Nintens GUI (io, commandline in Festival)

@ Auvailable for non-commercial use (not Open Source)

@ Developed at the Radboud University and the University of Tilburg

(Joop Kerkhof, Erwin Marsi, and others)
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Nextens

utomatic Text-To-Speech synthe:

Nextens: Annotation interface

X E]
IU File  Font

ToDi | FO | Parameters | Command Line | Log |

Op een dag kwam de eekhoorn erachter dat het onverstandig |-
AL L OHAL HAL HAL

was om niet werder te kunnen tellen dan tot wijf.

HAL HAL L%

Hij ging naar de school aan de wvoet van de eik in het
AL HL HL HAL HAL

midden van het bos en wvwroeg aan de mus die daar

HAL HAL HAL HAL

onderwijzer was of hij hem tot tien kon leren tellen.

HAL HL L
Tk zal mijn best doen,’ =zei de mus.
HAL HAL HHL L%

‘Haar wat je vraagt is niet eenvoudig.
AL HAL Lz

Ik kan zelf tot zeventien tellen, maar wvraag mij niet hoe
AL HL HL

lang ik daarvoor heb gestudeerd, want dat weet ik al niet
HAL HL HAL

meer.

L%

Tk heb er alles woor owver,’ zei de eekhoorn.
AL HAL HL Ly

’De meeste dieren komen nooit werder dan twee.’
AL BAL HL B*L Lz

‘Laten we maar hecuinnen.’ zei de eekhoorn. |

[salection: uoant
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Nextens: Fy interface
’_ e 1-Iexjns

van Son & Weenink (IFA, ACLC)

Speech recognition and synthesis




Nextens: Parameters interface

— Nextens
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Automatic Te; Speech synthesis

Nextens: Commandline interface

van Son & Weenink (IFA, ACLC)

— Nextens

= (SayText "Dit is Nextens")
his came fram the MBT tagger:
Pron(aanw,neut,zelfst) Wihulpofkopp,oft, 3, ev) Adj(atir,stell onvery)

Dit -= Pron aanw,neut,zelfst

is —> W hulpofkopp,oft,3,ev
Mextens - &dj attr stell onvery
#=Utterance Oxd0h375ed=

Speech recognition and synthesis



Automatic Text-To-Speech synthesis BVASSEGT

Assignment: Week 5 Using Nextens

See CD or Nextens web-site for information [Nextens(2003)]

o Install Nextens (see info)
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Automatic Text-To-Speech synthesis BVASSEGT

Assignment: Week 5 Using Nextens

See CD or Nextens web-site for information [Nextens(2003)]

o Install Nextens (see info)

@ Start Nintens
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AT
Assignment: Week 5 Using Nextens

See CD or Nextens web-site for information [Nextens(2003)]

o Install Nextens (see info)
@ Start Nintens
@ Under file menu, select ‘add sentence’
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AT
Assignment: Week 5 Using Nextens

See CD or Nextens web-site for information [Nextens(2003)]
o Install Nextens (see info)
@ Start Nintens
@ Under file menu, select ‘add sentence’

@ Generate a sentence
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AT
Assignment: Week 5 Using Nextens

See CD or Nextens web-site for information [Nextens(2003)]
o Install Nextens (see info)

Start Nintens

Under file menu, select ‘add sentence’

Generate a sentence

Inspect tabs, especially the ToDI tab
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Further Reading |

@ Christina L. Bennett.
Large Scale Evaluation of Corpus-based Synthesizers: Results and Lessons from the Blizzard Challenge 2005.
In Proceedings of Interspeech 2005, Lisboa, Portugal, September 2005.
URL http://festvox.org/blizzard/bc2005/I15052023. PDF.

@ Alan W. Black and Kevin A. Lenzo.
Festvox.
Web, 2003a.
URL http://festvox.org/.
Festival speech synthesis.

@ Alan W. Black and Kevin A. Lenzo.
Building Synthetic Voices.
Festvox, 2 January 2003b.
URL http://festvox.org/bsv/.
Published on the festvox website.

@ Alan W. Black and Keiichi Tokuda.

The Blizzard Challenge 2005: Evaluating corpus-based speech synthesis on common datasets.
In Proceedings of Interspeech 2005, Lisboa, Portugal, September 2005.
URL http://festvox.org/blizzard/bc2005/I5051946.PDF.

@ P. Boersma.

Praat, a system for doing phonetics by computer.
Glot International, 5:341-345, 2001.
URL http://www.Praat.org/.
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P. Boersma and D. Weenink.

Praat 4.2: doing phonetics by computer.
Computer program: http://www.Praat.org/, 2004.
URL http://www.Praat.org/.

Paulus Petrus Gerardus Boersma.

Functional Phonology: Formalizing the Interactions between Articulatory and Perceptual Drives.
PhD thesis, University of Amsterdam, September 1998.

URL http://www.fon.hum.uva.nl/paul/papers/funphon.pdf.

Murtaza Bulut, Shrikanth S. Narayanan, and Ann K. Syrdal.

Expressive speech synthesis using a concatenative synthesizer.

In Proceedings of ICSLP 2002, Denver, COLORADO, September 2002.

URL http://www.research.att.com/projects/tts/papers/2002_ICSLP/expressive.pdf.
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Copyright License

Copyright (©2007 R.J.J.H. van Son, GNU General Public License
[FSF(1991)]

This program is free software; you can redistribute it and/or modify it under the
terms of the GNU General Public License as published by the Free Software
Foundation; either version 2 of the License, or (at your option) any later version.
This program is distributed in the hope that it will be useful, but WITHOUT ANY
WARRANTY:; without even the implied warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
for more details.

You should have received a copy of the GNU General Public License along with this
program; if not, write to the Free Software Foundation, Inc., 51 Franklin Street,
Fifth Floor, Boston, MA 02110-1301, USA.
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Version 2, June 1991
Copyright (© 1989, 1991 Free Software Foundation, Inc.

51 Franklin Street, Fifth Floor, Boston, MA 02110-1301, USA

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your freedom to share and change it. By contrast, the GNU General
Public License is intended to guarantee your freedom to share and change free software—to make sure the software is free for all
its users. This General Public License applies to most of the Free Software Foundation's software and to any other program
whose authors commit to using it. (Some other Free Software Foundation software is covered by the GNU Library General
Public License instead.) You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure
that you have the freedom to distribute copies of free software (and charge for this service if you wish), that you receive source
code or can get it if you want it, that you can change the software or use pieces of it in new free programs; and that you know
you can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you these rights or to ask you to surrender the
rights. These restrictions translate to certain responsibilities for you if you distribute copies of the software, or if you modify it.
For example, if you distribute copies of such a program, whether gratis or for a fee, you must give the recipients all the rights
that you have. You must make sure that they, too, receive or can get the source code. And you must show them these terms
they know their rights.

We protect your rights with two steps: (1) copyright the software, and (2) offer you this license which gives you legal permissi
to copy, distribute and/or modify the software.
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Also, for each author’s protection and ours, we want to make certain that everyone understands that there is no warranty for this
free software. If the software is modified by someone else and passed on, we want its recipients to know that what they have is

not the original, so that any problems introduced by others will not reflect on the original authors’ reputations.

Finally, any free program is threatened constantly by software patents. We wish to avoid the danger that redistributors of a free
program will individually obtain patent licenses, in effect making the program proprietary. To prevent this, we have made it clear
that any patent must be licensed for everyone's free use or not licensed at all.

The precise terms and conditions for copying, distribution and modification follow.

TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND
MODIFICATION

0 This License applies to any program or other work which contains a notice placed by the copyright holder saying it may
be distributed under the terms of this General Public License. The “Program”, below, refers to any such program or
work, and a “work based on the Program” means either the Program or any derivative work under copyright law: that is
to say, a work containing the Program or a portion of it, either verbatim or with modifications and/or translated into
another language. (Hereinafter, translation is included without limitation in the term “modification”.) Each licensee is
addressed as “you”.

Activities other than copying, distribution and modification are not covered by this License; they are outside its scope.
The act of running the Program is not restricted, and the output from the Program is covered only if its contents
constitute a work based on the Program (independent of having been made by running the Program). Whether that is
true depends on what the Program does.
[EEE
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e You may copy and distribute verbatim copies of the Program'’s source code as you receive it, in any medium, provided
that you conspicuously and appropriately publish on each copy an appropriate copyright notice and disclaimer of
warranty; keep intact all the notices that refer to this License and to the absence of any warranty; and give any other
recipients of the Program a copy of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and you may at your option offer warranty protection in
exchange for a fee.

e You may modify your copy or copies of the Program or any portion of it, thus forming a work based on the Program,
and copy and distribute such modifications or work under the terms of Section 1 above, provided that you also meet all
of these conditions:

0 You must cause the modified files to carry prominent notices stating that you changed the files and the date of
any change.

9 You must cause any work that you distribute or publish, that in whole or in part contains or is derived from the
Program or any part thereof, to be licensed as a whole at no charge to all third parties under the terms of this
License.

9 If the modified program normally reads commands interactively when run, you must cause it, when started
running for such interactive use in the most ordinary way, to print or display an announcement including an
appropriate copyright notice and a notice that there is no warranty (or else, saying that you provide a warranty)
and that users may redistribute the program under these conditions, and telling the user how to view a copy of
this License. (Exception: if the Program itself is interactive but does not normally print such an announcement,
your work based on the Program is not required to print an announcement.)
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These requirements apply to the modified work as a whole. If identifiable sections of that work are not derived from the
Program, and can be reasonably considered independent and separate works in themselves, then this License, and its
terms, do not apply to those sections when you distribute them as separate works. But when you distribute the same
sections as part of a whole which is a work based on the Program, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the entire whole, and thus to each and every part regardless
of who wrote it.

Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely by you; rather, the
intent is to exercise the right to control the distribution of derivative or collective works based on the Program.

In addition, mere aggregation of another work not based on the Program with the Program (or with a work based on the
Program) on a volume of a storage or distribution medium does not bring the other work under the scope of this License.

e You may copy and distribute the Program (or a work based on it, under Section 2) in object code or executable form
under the terms of Sections 1 and 2 above provided that you also do one of the following:

o Accompany it with the complete corresponding machine-readable source code, which must be distributed under
the terms of Sections 1 and 2 above on a medium customarily used for software interchange; or,

9 Accompany it with a written offer, valid for at least three years, to give any third party, for a charge no more
than your cost of physically performing source distribution, a complete machine-readable copy of the
corresponding source code, to be distributed under the terms of Sections 1 and 2 above on a medium
customarily used for software interchange; or,

9 Accompany it with the information you received as to the offer to distribute corresponding source code. (This
alternative is allowed only for noncommercial distribution and only if you received the program in object code or
executable form with such an offer, in accord with Subsection b above.)

Eas
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The source code for a work means the preferred form of the work for making modifications to it. For an executable
work, complete source code means all the source code for all modules it contains, plus any associated interface
definition files, plus the scripts used to control compilation and installation of the executable. However, as a special
exception, the source code distributed need not include anything that is normally distributed (in either source or binary
form) with the major components (compiler, kernel, and so on) of the operating system on which the executable runs,
unless that component itself accompanies the executable.

If distribution of executable or object code is made by offering access to copy from a designated place, then offering
equivalent access to copy the source code from the same place counts as distribution of the source code, even though
third parties are not compelled to copy the source along with the object code.

o You may not copy, modify, sublicense, or distribute the Program except as expressly provided under this License. Any
attempt otherwise to copy, modify, sublicense or distribute the Program is void, and will automatically terminate your
rights under this License. However, parties who have received copies, or rights, from you under this License will not have
their licenses terminated so long as such parties remain in full compliance.

e You are not required to accept this License, since you have not signed it. However, nothing else grants you permission
to modify or distribute the Program or its derivative works. These actions are prohibited by law if you do not accept this
License. Therefore, by modifying or distributing the Program (or any work based on the Program), you indicate your
acceptance of this License to do so, and all its terms and conditions for copying, distributing or modifying the Program
or works based on it.

e Each time you redistribute the Program (or any work based on the Program), the recipient automatically receives a
license from the original licensor to copy, distribute or modify the Program subject to these terms and conditions. You
may not impose any further restrictions on the recipients’ exercise of the rights granted herein. You are not responsible
for enforcing compliance by third parties to this License.
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e If, as a consequence of a court judgment or allegation of patent infringement or for any other reason (not limited to
patent issues), conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the
conditions of this License, they do not excuse you from the conditions of this License. If you cannot distribute so as to
satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence
you may not distribute the Program at all. For example, if a patent license would not permit royalty-free redistribution
of the Program by all those who receive copies directly or indirectly through you, then the only way you could satisfy
both it and this License would be to refrain entirely from distribution of the Program.

If any portion of this section is held invalid or unenforceable under any particular circumstance, the balance of the
section is intended to apply and the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any patents or other property right claims or to contest
validity of any such claims; this section has the sole purpose of protecting the integrity of the free software distribution
system, which is implemented by public license practices. Many people have made generous contributions to the wide
range of software distributed through that system in reliance on consistent application of that system; it is up to the
author/donor to decide if he or she is willing to distribute software through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear what is believed to be a consequence of the rest of this License.

e If the distribution and/or use of the Program is restricted in certain countries either by patents or by copyrighted
interfaces, the original copyright holder who places the Program under this License may add an explicit geographical
distribution limitation excluding those countries, so that distribution is permitted only in or among countries not thus
excluded. In such case, this License incorporates the limitation as if written in the body of this License.

e The Free Software Foundation may publish revised and/or new versions of the General Public License from time to time.
Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or
concerns.

Each version is given a distinguishing version number. If the Program specifies a version number of this License which

applies to it and “any later version”, you have the option of following the terms and conditions either of that version =
of any later version published by the Free Software Foundation. If the Program does not specify a version number of iﬂﬁﬂﬂﬁ
this License, you may choose any version ever published by the Free Software Foundation. @
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@ If you wish to incorporate parts of the Program into other free programs whose distribution conditions are different, write
to the author to ask for permission. For software which is copyrighted by the Free Software Foundation, write to the Free
Software Foundation; we sometimes make exceptions for this. Our decision will be guided by the two goals of preserving
the free status of all derivatives of our free software and of promoting the sharing and reuse of software generally.

NoO WARRANTY

@ BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT
PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR
OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

@ IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR
ANY OTHER PARTY WHO MAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO
YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING
RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO
OPERATE WITH ANY OTHER PROGRAMS). EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
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Appendix: How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to
make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most
effectively convey the exclusion of warranty; and each file should have at least the “copyright” line and a pointer to where the
full notice is found.

one line to give the program’s name and a brief idea of what it does.

Copyright (C) yyyy name of author

This program is free software; you can redistribute it and/or modify it under the terms of the GNU General
Public License as published by the Free Software Foundation; either version 2 of the License, or (at your option)
any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY:; without even
the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
General Public License for more details.

You should have received a copy of the GNU General Public License along with this program; if not, write to the
Free Software Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301, USA.

Also add information on how to contact you by electronic and paper mail.
If the program is interactive, make it output a short notice like this when it starts in an interactive mode:

Gnomovision version 69, Copyright (C) yyyy name of author

Gnomovision comes with ABSOLUTELY NO WARRANTY; for details type ‘show w’.

This is free software, and you are welcome to redistribute it under certain conditions; type ‘show c’ for details. &8s
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The hypothetical commands show w and show c should show the appropriate parts of the General Public License. Of course, the
commands you use may be called something other than show w and show c; they could even be mouse-clicks or menu
items—whatever suits your program.

You should also get your employer (if you work as a programmer) or your school, if any, to sign a “copyright disclaimer” for the
program, if necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright interest in the program
‘Gnomovision’ (which makes passes at compilers) written by James Hacker.

signature of Ty Coon, 1 April 1989
Ty Coon, President of Vice

This General Public License does not permit incorporating your program into proprietary programs. If your program is a
subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you

want to do, use the GNU Library General Public License instead of this License.
IR
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