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Articulatory Synthesis 1958 Sinusoid models 1984
Synthesis-by-rule 1959 Neural Networks 1985
Cancatenative synthesis (theory) 1958 PSOLA 1985
Kratzenstein 1779 Stewartl< Artivulatory model 1950 Kurweﬂ 1976
Von Kernpelen 1797 VODER 1939  Formant synthesis First TTS 1968 TT Speak ‘n’ Spell 1980
2 PAT/OVE 1953 Prosody 1969 Klattalk 1981 z
Joseph Faber, 1846 IS . 4% oz MITalk 1979 '~
SER K ‘ Votrax 1979
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v High quality
v Natural sounding

v Sounds like original speaker

x Need a lot of data
% Can be inconsistent

x Difficult to manipulate prosody
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Model states

Time step
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v Consistent
v Intelligible
v Needs relatively little input (~¥20 mins)

v Can be adapted with small amount of data (>5
sentences)

v Easier to manipulate
x Buzzy quality
% Less natural than concatenative
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SPEECH | Speech signal
DATAB_@ !
Excitation Spectral
parameter parameter
extraction extraction
Excitationl ! I'Spectral
parameters parameters
Tehals Training of HMM
é Training part
______________________ Ao A g
TEXT M_m Synthesis part
! |
| context-dependent HMMs
Text analysis xl_'—"/ & duration models
| Labels | Parameter generation
from HMM
Excitation Spectral
parameters parameters
Excitation Synthesis SYNTHESIZED
generation filter SPEECH
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MULTI-SPEAKER

ENIEE

A BHYAE

SPEECH-
DATAB_/_\b‘

Speech signal
i
Excitation Spectral
parameter parameter
extraction extraction
Excitation |_l l—| Spectral
parameters parameters

/" Spectral &

ARGET-SPEAKER | Parameters

T 2
SPEECH-
DATABASE

Labels

Training of MSD-HSMM

excitation

Training part

Adaptation part

i i i Context-dependent

multi-stream MSD-HSMMs

Adaptation of MSD-HSMM

Adaptation part

Synthesis part

i /C\ i Context-dependent

multi-stream MSD-HSMMs

Labels
Labels | Parameter generation

from MSD-HSMM

Excitation
parameters

Excitation
generation

Spectral
parameters
Synthesis SYNTHESIZED
filter SPEECH

MSD-HSMM (Multi-space distribution Hidden Semi-Markov Model)
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Male Speaker Female Speaker
Segmental K-means & EM Segmental K-means & EM
v v
Gender-dependent . -
monophone HMM Embedded Training :) Embedded Training :)
v v
Speaker Adaptive Training ) Speaker Adaptive Training )
_________________________ +_________________________+_____________
Speaker Adaptive Training Speaker Adaptive Training
Gender-dependent 7 v

context-dependent HMM Decision-Tree-based Context and Gender Clustering
(MDL criterion) & State Tying
______________________________________ +__________________________
Embedded Training
Gender-mixed tied-state ¥
context-dependent HMM Speaker Adaptive Training
using Decision Trees

U

Duration Modeling & Clustering
Gender-mixed tied-state 7

context-dependent HSMM Speaker Adaptive Training
using Decision Trees
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a-b-a
a-a-b
Speaker1 b-b-a Speaker2

Decision Tree
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AR b-b-a
a-b-a b-a-a

Speaker1 @-a-b

National Laboratory
of Pattern Recognition

b-a-a
b-b-a

Preceding phoneme is a?

, Question List

PR

' Preceding phoneme is a? ,

| -
, Current phoneme is b?
: Current phoneme is a?
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"Current phoneme is b?" <= = = Q a-b-a
a-a-b
b-b-a

Speaker1

a-b-a a-a-b b-b-a  b-a-a b-a-a
b-b-a b-b-a
Speaker1 Speaker2
T — Speaker2
y n ,-Question List .- - - - - -
| -Rreseding-pheneme-ie-a?

' Current phoneme is b?
?;822 g:g:g ' Current phoneme is a?
bba T TTTTTTTTTTTTTTTT

Average Voice Model

National Laboratory
of Pattern Recognition




B\ EERIS PR

= KEALTKMNZGRS ZE ABENIIZGRRIE

lal

z| o : 3 .
§ Histogram - Histogram
g /\ g /\
o [
Speaker 1 Speaker 2 logFo Speaker 1 Speaker 2 logFO

> lModeling > Normaliz;\ lModeling /lormalize
7] D
é la/ § lal Average Voice
2 Average Voice >
g . A

EESSE T 8 :
& logFO logFO

= ETHERUANBENEZE
- ETHEXELMBNEENEE
- HEFEEX

National Laboratory
EYP of Pattern Recognition




pE \AERISNTEE PR

» REFEIMWS

Training Speaker 1 Training Speaker 2

National Laboratory
of Pattern Recognition




B A

SETE % v S SN 0=y =3 TP

» JRIGRE A SN
- PHEZE 40008/ A X 4 A

- BENFREE 40008) / A X 4 A +100 7] 0o "o

Hth sk 4GRS AN, mEME; 11BREEA

, W%




AEIES Z 8] Bi& M

HE R B RS A

e (8] 2R IR S AT
~

WEE RS T

’,\?‘-
=

WWER

Bt VB B e S AU I

National Laboratory
: a.,,..ow"" of Pattern Recognition




PRIZEANTE=AH

2800 ,

2600

2400

2200

2000

1800

1600

B HiRIE ()

1400

1200

1000

800

L L

-=EF- ZHRF A1
—O0— TMHRF A2
-Q-- BHERE AT
* BMEE AL

30

Nationai Laporatory
of Pattern Recognition

-
400

-
500

660 760
% — IR ()

r r
800 900




S RBRNZMERIENN TR

National Laboratory
of Pattern Recognition




BT ERREANARIENT % PR

Source parameter space Target parameter space

National Laboratory
of Pattern Recognition




,

FEESzENEEEERER PR

JRiE
HbriE =

i 2 R
[SWaRES

i 25 2

EinERR ¢ d




National Laboratory
of Pattern Recognition




BEESRTIEMES
o tere |

Text Analysis

Features: rhythm, tone, |pinyin, POS, stress...

sub features sub features
with stress without
stress
Generation of static
Stress feature parameters
Adaptation P

from HMM
transf orma‘¢0m

pitch, duration pitch
ratio spectrum
[ duration

Parameter
Adaptation

Transformed pitch, duration

spectrum

Generation of
dynamic feature
parameters

2
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* natural speech
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= |nterrogative sentence direct training d:4: ¢:
= |Interrogative sentence adaptation training

« Male: 100 declarative sentences + 20 interrogative sentences: *::' <\:'

= Male: 1000 declarative sentences + 100 interrogative sentences; <:§ ‘::-

= Male: 2000 declarative sentences + 100 interrogative sentences : "3‘ :E‘:E

=« Male: 1000 declarative sentences + 300 interrogative sentences : *:E :E ‘:5 {:
= Exclamatory sentence direct training dq: 4\54\5 K

= |nterrogative sentence adaptation training: o: 4:: 4:5 K
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