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Speech Synthesis

‘Computers are getting smarter all the
time. Sclentists tell us that soon they
will e arle to talk with us.

(By “they" | mean computers. | doust
sclenttists will ever re aprle to talk to
us.)

- Dave Barry




The reconstructed speaking machine of Kempelen from
1791

Reconstructed by the Kempelen Farkas Speech Research Laboratory in 2001, Budapest, Hungary

kernpelen Farkas Speech Research Lab.
H1082 Budapest, Benczr u. 33,
e-rnail ; olaszyiTmy
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Speech Synthesis in year 1937
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Speech Synthesis In year 1939




Speech Synthesis in year 1953

C:ur\r\ar Ent s O\VE" (Orator Vereis Electris)
Formant Synthesizer for vowels




Formant Synthesis
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Second versus First Formant Frequency for Some Common Vowels
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Modern Speech Synthesis

¢« 1968 - First full TTS (Limedas et al) % | |
¢ 9771 — Diphone conceat. (J. Olive) |
« [9719 — MITTalk (Allen et al)

e 984 — DECTalk (Klatt, D

¢ 995 — Eurovooes

¢« 2007 - [BM
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Modern Speech Synthesis

B « 968 - First full TTS (Limeda et al)

e 971 — Diphone concat. (J.

Olive)

« |9719 — MITTalk (Allen et al)

« 984 — DECTalk (Klatt, D

¢ 995 — BEurovoces
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Text—to-Speech System

Text Analysis

e Text normalization

« POS taaaing 1 A
o Homonyw disameiguation Phor\e‘tm ar\aly5|s

e Dictionary Lookup

e« Grapheme—to-Phoneme
Prosaodic Analysis

e Boundary placement
e Pitch accent assianment
e Duration computation

Waveform
Synthesis
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Text—to-Speech System

Text Analysis

e Text normalization
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Prosodic Analysis

« Boundary placement

» Pitch accent assianwent
e Duration computation

e Dictionary Lookup
~ Grapheme—to-Phoneme




N Text Normalization

e He stole 3OO million £rom the rank.
¢ H's I3 St. Andrews St

e The home pace is http// www.utee.

Me-thod:

e Split to tokens.

 Map tokens tO words.

o [dentify types £oOr words.
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7)) Phonetic Analysis

B « My latest project is to learn how to
Retter project my voice.

e On May S 1996, the university Boucht
1996 computers.

« Yesterday It rained 3 In. Take | out, then




7)) Phonetic Analysis

R "

B « How to pronounce a word?

- Look In the dictionary!

e But what arout unknown words and Nnames?

e Complex languaaes: German/French/ Turkish
- Letter to sound rules

e . 8lso neural networks (NETTalk)

e . Pr. By analogy (PR.IONOUNCE) /

¢ . case—Rased (MBR Talk)

e .. and much more.




3) Prosodic Analysis

e Prosody: phrases, accents, FO contour,
duration

* The Tirt Intonation Model

FO contour

gyllable

muclell




1) Waveform synthesis

B * Articulatory synthesis (a-la VODER.)

e Formantt (a-la OVED)

o Concatenative synthesis

n n

- Domain-specific (“talking clock”, "weather™

— Diphones (PSOLA, MBR.OLA) /

- Unit selection




1) Wavelorm synthesis

« Domalin-specific synthesis is easy:

#! /bin/bash

NIRRT 5 — 1"
mins= date +"%-M""
SNPHESCIENNet " 5 —DP"

play Shours.wav
play $mins.wav
play Sampm.wav




4+) Waveform synthesis

* Diphone synthesis

! - Use diphones: middle of one phone to middle
of next.

- Just a RIt of DSP to connect diphones.
e PSOLA

+ MBR.OLA % % /




1) Waveform synthesis

e LAnit selection

- Use the entire speech corpus as the acoustic ]
iInventory.

- Select at runtime the lonaest availarle
strina of phonetic seamentts.

- Minimize numrer of eor\ca'ter\a—tioy
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e Grapheme—to-Phoneme transeription




GTP transceription

e Lexicon:
SR> (kK eh p) (s £t r aa)
- What arout unknown words?
- Commercial systems have 3-part system:

e Big dictionary

» Special code for Nnames/acronyws/ e—tc/

for other unkNnown words




Learning LTS rules

Nnduce LTS from a dictionary of the
anGuace (Black et al. 19986)

e TWO steps:

- Allantent

— Decision tree-rased rule-induction




AllgNnmmentt

SRR c ke d

| |
e Phones: ch l /eh / k / /t

e Black et al. propose 2 methods:

- Expectation-Maximization

- Estimate plletter | phone) $rom
valid aliacnwentts, take rest.

e Devil In the detsails




Decision trees for LTS

« Now that alianed data Is avallarle, train a | |
decision tree: 1
- ### hek -> ch }

e 97 -9L%% letter acec. (58-15% word ace)
for Enalish




GTP transceription

« ANN-eased (NE T Talk, Sejnowski et al.)
* Pronunciation—By-Analoay (Damper et al.) |

e Memory-rased (MBR_Talk, Stantill)

» Transducer-eased (. Bulyko) /
e Non-seamental (A. Cohen)
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GTP transceription




Outline

e Conclusion
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