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250 ms]0 000000000 M = T, — 200[ms], N = 200 [ms]0

KOQOoooooooooo:
gbbuoggbboodbbuoobuoooboogbbodgbobboogoboo
ggbbobouoooobbooogoon

gogbbboooobbooooobobboooboboboooonboon:
gbobogbuogobooobooobboogoooboooboogoo
gbobooboboodbbooooobbuogbboobooobogoboo
gobboooooobbuoooobobobooon

O00000000000000Q0 0.01 ~ 0.1 rad/msO0¢ 0O 0.01 ~0.9900
0000000 0.0001 rad/ms0 0.0010

ggbobbooodn

e DD UOODDOOOODLDOOODLDLOOUODLDLOOOODLDUOOO
gooobooobob1oHz20000:

e 00000000000 O0M =T+ 250 [ms], N = Tyis1 — Tyni + 50 [ms]0
0D000000000000000000000000000000000
0000

e IJIDDODODDOOODODODOQO 0.003 ~ 0.08 rad/ms0 K O 0.0003 ~
0.015000000000 0.0001 rad/ms0 0.00010

40



0 31 000000000000 00ObOO0O0D00oOooOoOooDooo
O RMSE:Root Mean Squared Error{1(]

FO fluctuation | RMSE [Hz]
orvershoot 3.28
vibrato 12.80
preparation 2.15

032200000000 A0BODOODODODDODODODOODODOOO
b roob0bopoboobooboobo

F0 fluctuation | © [rad/ms] ¢ K
overshoot 0.0348 0.5422 | 0.0348
vibrato 0.0345 — 0.0013
preparation 0.0292 0.6681 | 0.0292

3.4.2 rFoUUOOodooooboooooooo

gbooodbooooboboooboboobo roOobobooboboboobg
gob31u0oggobobooooooboobo 32000 310000b00040d
gbobroobobobooboboboobobbooboooboobobnon
gobboboooobobboooooboobo3stbod

ggobobooggooo

g3i1gbboboboobuooboobuoobuoobobooboon 3.28 Hz
goooobobooboboobobobroboobobooboooobon
gbbugbbodgbboobobouooooboobooobobobbobobo
gogooobbbbobbooooobbbbbouooobobbobobboogd
gbbodgbbooboobbagobob32bouogbbuodgbbooodgbod
goggoobbbbobobuoduooobbbbbbuouooooooobobobodod
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5.7 .

log(F0)

55 : : . 4

53 4

52 Il Il Il Il Il Il Il Il Il Il
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time [ms]
T

5.2

1 1 1 1 1 1 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time [ms]

039 FOO0O0O0O0O0ODOOOOO00O0O00obOOobooobooTEMPOODOODOOO
gbbuogbbuoobbdogg 3d2uubbuobobuooboaobbuoobboo
uood
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goboboobooooboooboooooooboboooooooo 7,00 107 msO
O000000oooooooooooooono 1B%Uo0oooooooooo
gobbobooonb 180mstdnon

gogoboboooodn

gbogdbuogbobooogodbobooobuoobuoobuooogoboa
JO00000bo0o0boobognd vibratorateD extent D 00000000000
gbobobobobooobobooobboooooboboo roobobon
gogbobobobobbouoooooobbbbbooooooobbobobbood
gbboggbbuooobboodobbboobbooobobboodobbodoo

lL.ggbobboogobbooooobbooogobobgad:
gbboobobdobooboobooobuooboobbooboonooa
gobbooogbobodgd

22000b0b0bboooobobobboooobbooooonoboboad:
goooro0obOobobobobooboobobobooboboooboboooo
ggobboogogoooogo

0000b0000b0oboooobobooooobodBjeklind0ODOO0ooooOO
00000000000000000000000000O00000oOOg [28]0
gooooboobobooboobooboboobooobobooooooDbon
O0OPrameO Ovibratorate D0 0000000000 O0O0OOOOOOOOOOO
6200 0000000000000000000O0O00O0O0OO0OoOoooOoO
00000000000 0bO0obO0obOo0oo00oooooooooooDoooon
000000oo00oo0oOob0oooo0obOobobOoooDooooooboOobOoon
0000000000000 b00bO0bO0bO0obO0obO0obOOobOobOOooDoOoooDO
00000000obO0obO0oooooooobOob0obobooooooOobDoOoon
000000000bO0ob00b0obO0oo0ooooDooDooooboboooon
0000000000000 Ovibrato rate D 5.4 HzO vibrato extent 0 0 0 0O 0O O
000000003 7%0062cent0 0000000000000 [71,63)000
0000000000000 00000vibrato rate:4 ~ 7 Hzl vibrato extent:71
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cent O ODOOOOODOOO

gogbbobuooogbboo

gbboobobbooobuooobobbooobubooboobobuoobobd
gooooobobooooroooboboooboobobooboboboobnon
gbodgbooobogbogbogbuoboobooboobooboobobobo
gobbooooobbboooo320000b0b00obb 109mstdbnoog
000000 5%00000000000000000000000DO0O0O0O0O
gobobobuooogooo

3.5 U000

gbobooooobobobooooobobobob rpOODOODODObLODO
gboooooboooobuoobobrobobbobooboboooboboon
gboboobooboobobboroboobooboobo

gboboboobooobob roobobbobobboobobobobobog
gbbodggbuogbbuodoboobbooboobboobuoobuoobbod
gboobobooorobobobobobobobobooooboboboonoon
gogdodggggbobobbobbbbbbobobbooddgooooooooobobog
ggbboooobbooodgbbboogobbbuooobbboooobboooo
gboooorobobobooobobboooboboboboobobobon
gogoobbbbbuoooooobbbbbbbouoooooobbbobbobod
gboobgoobooboboobbobboroboobooboobonbbo

gbobdbroobobooboboboboobobooboooobobog
gboboboooobobobobg rob0oboboooobobobonbon
gogooobbbbbbbdudoooooobbobobb20bbbbboogd
gdddddogooooooobbobobbobuooodoooooboobobod
ggbbuoogbbboobobouoobbbuooobbuoobbooooobobao
gogbobobuoooobbobuoogoboobooooboboooon
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gbodbdo ro0b0o0obO0 FoOOObOOObOOODbDOObOObOODbDO
gooboobdoroobbooboobobooobobooobooooboboon
goddoogoobdododooddooodyoooooooooUUugo
goooobbbbbougoooobobobbouoooooobobobbood
gooobbbbbuougoooobbbobboooooooboobbood
gooobbbobbbuouoooobbbbotooooooobbbbbood
gogbbuoogbbbooobobooobbbodbbuooobbooooboboo
ggoodgdgbobuooodgbbbbbooooobobboooobbbooooo
gogbobobuooogbobobdogo

gbobooboboroobooboboboboboboboooobooon
gbobgoobgobobgooooobobooooobobob roobobon
gboboobobogrooobooobooobuooboooobobooobgg Fo
ggoobbbbbuouooooobbbbbboooooobobobbbood
gbogoooboobobooboboboodroobooboboobobon
gogbbobuooogbboo
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4.1 0OOOO

gogoobbbbbdoooooobbbbbooooooobobboboboog
gogoobbbbbuouoooobbbbbbuooooooobbobbbood
gorobbooboobobooboboboboobobooboooboobon
gobbobooobbbooooboo

gboboobogooobob robobbooboboboboobobobd
O0b0000bO0oro0bOODnO Klatt formant synthesizerc 0000000000
STRAIGHTOOOODOOOOOOOOOO

gboobooooobobuoooobobbroobobobonooobobo
gbobobooooobgooobobouoboobobobobroobobon
gogoobbbbbbuoduooooobobbbbboooobbobobbbood
gboboboboooroboboboboboobooobobobobooboon
gbobooboooooroooboboobooboboobobbobon
ggbbooobogobboggbboooboobobooobboooobobao

gooooboo ro0bbooboobboobboobboobobooboo
goobbobobbooooooobbobboooooooboboobobbood
goobobbobobboogoobbbobobbooooooobboobobbood
gogbogbbobooobbogobbooobobbooobboooobobao
gbogboobbobobgoboboboobboobbooooboobobo
gooobbbbbbouoooobbbobbouooooooobbobbobod
godobbobobbouogooobbobobobbooooooobbobobboogd
ggboboboggobobogo

gbooborooboooobobobouoooobobobooooobobo
gbobbboobbobodgboobuobuoobbobuooobuoobboobobda
gooooobobbbtoodgoooooooboboobbooobooogad
ggbbobuoooobbbuoogoon

ggbuoggbboodobbooobbuooobbooobbooobobobao
OO0O0O0Ovibratorate D0 O O000O0O0OD0OOOO0ODOOOOOOODOOODOOOODO
gogbobbbobbouoooooobbbbbouoooooobbobobbod
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vibratorate U0 0D OO0 OO0 O0OOO0OO0OOO0OOOOOOO
gooobobobbobouooooobbbboduooooobboobbod
gogobbbobbbuougooooboobboooooooboboobobbood
gooobbbbbuougoooobbbbbbooooooboobobbood
gobboboooobbboooobobobooon

4.2 JOO0O0OOOOOOOO

gobodoobro0ooboooboooooobooobobooboooboooboon
O0000F0O0000O0 Klatt formant synthesizer[48] 000000000000
O0boo00oooooro0ooOoOoOn STRAIGHTOOOOOOOOOODOOOO
oooo

4.2.1 Klatt formant synthesizer 100000000000

0 4.1 0 Klatt formant synthesizer 0 00000000000 0OOO0OOOOO
gobogobobbdooobuoobob robobbbooobboboobboo
gooooboobobooboooboobooboboobooooooboo
gooooboobooobobooboooboobooboboobooobOon
gogobooobooobboooobboobobbuooobroboobbog
O000000D0O000D000D0O0O0OD0OKlatt formant synthesizer 0 0O 0O O
O0o00oooobooboooo

e UIOUOUOUOOD6OODDOODOO /a/

ooogo :800,1200, 2500, 3500, 4500, 5500 Hz

000 000000 10%
e U UUOUOUDOtyy =ty + 1/ frm(tn)

00000 :fu()

Doooo i,
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e [1 0 0 0 O Rosenberg wave

e UUUUODOODSdIBOOO

4.2.2 STRAIGHTUOOOOOOOOOOOO

0420 STRAIGHTOOOOOODOOOOOOOOUOOODOOoOoOooDODOO
OOSTRAIGHTOOOOOOOODODOOODOODOOODOODODOODODOO
gbooooobgooooboroooboboboboboobobuoobobon
OO0DOoOD0o0oO0b0oOO0bDOoOoDOoOoboOobD STRAIGHTOOOODOO
O00o0obOoo0oOooooooboDooOO0O0obOOOOOOSTRAIGHTOOO
gooobdoooobobooobobobbrobooboboboobobbobon
ggbobobuoooobbobuooooboboodad

OODOOSTRAIGHTOOOODOODOODOSPIKESOOODOOODODOOODO
O00DbO00OO0o00o0obOoboOoSPIKESODOODOOOOoDbODOoODOoobDOoDO
gooooobbbbbbdoooooobooboboobbbobobobbooogd
gogbobbobobbouooooooobbobbouooooooboobbogd
gogoobbbbooooooobbobobboooooooboboobbood
0000000000000 0000000O0OO p)Dooob00o0ooooooo
ggbboogobbboooobboobbbodgbbooobbooobbogo
gooobbbbbuougoooobbbobbbuooooooboobobbood
gooobobobbbuooooobobobbobbooooooobbobobbood
gbogboobbogbooboobobobboobbobbobboobbo
ooboooboooooMSOODODOOODOO0O0ODOO0O00O00 3msO00 0.5 msO
O05msO00000000000O00O0O011kHzZOO 6kHzOO 1kHzOOODOO
gbboggbbuoggbb3sbbugubbuoboogbbuooobbod
gbobobobbobboobooboobuogbuoobbobobooboobbo
OO0 1lmsO000000O0O00OSkHz2OODODOODODOODOOODOOOOOOOODO
gbbbooobbbuooobbbuooobbbuoubbuodb 1msbbOd
o000 s5kHz000000000000O
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FO estimation
STRAIGHT-TEMPO

Power level Formant frequencies
Formant bandwidths

[a] i FO control b]

Fundamental
frequency

model

\ 4 T _V ¢ Excitation impulse

Synthesis:
y D E—

Klatt formant synthesizer

Synthesized
singing-voice

0 4.1: OO FOO DO OO OO Klatt formant synthesizee D 000000000000
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Singing-voice
< nging-vol ) Melody

components
"""" Yy
model

STRAIGHT-COre

Fundamental
frequency

[b]

I
I
I
| Analysis:
I
I
I

Fundamental
frequency
index
Spectral
envelope SPIKES [€——

Synthesis:
STRAIGHT-core

STRAIGHT system

Synthesized
singing-voice

042 00 FOO0O0OOODO STRAIGHTODOODOOOODOOOODO
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4.3 rFroUuUoouooooooooooogod
-Foutoooooouonooododoodn-

gbhbooorooobooboboboooboboooboboooboooobobog
grobogoboboboooobboooobboobobboooobbooon
gogbbbbbboooooobbobobbouooooooobbobobbbood
ggbbbuooogbbbuoooobbbooogboo

4.3.1 0UO0OO0OO0OOOOO

roobpboooobbooouobbooobboooobbo43bb0o0obonb
TEMPOOUODOUODODOODODO OKlatt formant synthesizer 000000 OO
oo0oooooobooo

000000000bO00b0o0oo0oboo0oDb TEMPODOODDODOOODOO
o000 robbOOo0obbbooobbooobooobooooboobooo
00000 Klatt formant synthesizer D00 000000000 FOOOODOOO
0000000Db0o0DbOoobooDo

gobooo

o0o00o0O0obO0b0oboboo0obOob0oDoobOU0 AoDoboobooooooo
O00000000000000/a/0000000000C000D0D0O0O0mO
gogbboboooobbboooobbbuooobboboooon

goooo

gogbbbouooogbbbuoooobobobuoooonog

e NORMAL
TEMPOOUODOUODOODOODOOOODOOOOOOKIatt formant synthe-
sizer 00000000000 00430000 [ajO00O0OO
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Singing-voice

FO estimation
STRAIGHT-TEMPO

‘ Power level )

Fundamental
frequency

Formant frequencies
Formant bandwidths

' | Elimination of
! b
@11 Fo fluctuation |1
v T _V ¢ Excitation impulse

Synthesis:
Klatt formant synthesizer <

Synthesized
singing-voice

0 4.3: Klatt formant synthesizer 0000 FOOOODODOOOOODOOOOOOO
ooooo.
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e NO-0OS
0000000000000 oooooooooooooooo
O000000Oopboood

e NO-VB
0000000 FIROOOOOOOOOOOO0OOO0OO0O0000 5Hz0000
000000000000000000000000OOoOODp|oOOO

NO-PRE
0000000000000000000000000000000000
OO o0ooo

e SMS
gbobooboboobobobobobobuoobsHzbOobOonon
000000 FoOO00OO0OO0OO0OO0OO0O0O00000DDB| 0000

gboogbooboobobbobbobbo440450000

4.3.2 0000

0000000000000 00O0 7oooooooO

gooobbbbbbogogobobbbobodooooooboobobbood
gboogboobbogbuogouobobbobboboboobboboobbo
gobogboboobogboooobougboobbooboobooobbd
ggbbuoogbbboobboogbbooobbuooobboooobobao
gogbobooogobobuoooobboboooobooobbboooon
gogoobbbbbuougoooobbbbooooooooboobbood
gooobbbbbboooooobbbbooooooooboboobobbood
gbobodbbogbooobuooboobooobooboboobbbobobd
gogoobbbbouoooooobobbobobboooooooboobobbood
gobboboogbbboooobbobooobboo
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6.3

6.2

6.1

59+

log(FO)

581

571

56

55

I
0 1000

I
2000

I
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Time[ms]

I
4000

I
5000
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55 | | | | |
0 1000 2000 3000 4000 5000 6000
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044 0:0000000000000000000000O0000O0O (NO-OS)OO:

O00000000000000000O0O0gooo (NO-VB)O
6.3 ‘ ‘ ‘ ‘ ; 6.3 ‘ ‘ :
6.2 6.2}
6.1 61k
6f 6
=3 =
Es.g, % sl
58) 5.8}
571 5.7t
560 561
5.5 L L L L L 55 I I L L L
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Time[ms] Time[ms]

045 0:00000000000000000000 (NO-PRE)YOO:0O0CO
00000000000 FOOOO0O0O00O0O0O0O0O0000000 (SMS)O
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goon

O0000000ooDooo0ooOonon NORMALONO-OSONO-VBONO-PREO
sMSOOOoOoOooOoooboooobooooboooobuoboboooooboooDbo
gbobobobobodsx4=2000000046000000000000

pair

046 00000000

ggn

ggoobbbbbdouooooobbbbbbodouoooobobobbbbood
ggbbbooobobbboogbbooooobbbooobboo

ggon

gbobb4v70bobooboobobooboboooooooobobobobg
ggbbbuoooobbbuooobobbobuoooboboboboo

00000000 ODATHLINK & Linux(Vine verl.2)
D/AD0O0O OSTAX DAC-TALENT BD
00000000 OSTAX SRM-1/MK-2

00000 OSTAX SR-404
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Sound Proof Room

DAT-LINK -, DA AMP

battery

monitor

Linux

4700000000

gooboo

ggbboooobobbuoooobobuoooobboooobbobooon

/DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gbuogobodgboobbuobbuoobbbuooboobbodgbobo
4800000 oboooboooboooboooobboobboooD O
juguoggbooogbbodboob-30 -1googoooogbodoan
gbogobogoobbooboobbuoobbodgboogouonbbo

goobooo

Stimulus A Stimulus B

3 2 1 0 -1 -2 -3

A is more natural B is more natural

048 000b0gbobooooobobuoboobobuobobobobobbon

gogoobbbbbdoooooobbbbbboouoooobbbbbbood
gogoobbbbbuoooooobbbbbbouooooobbobobbbood
gogoobbbbbuouoooobbbbbbooooooobbobobbood
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041: 00000 (000)0

ao ao
NORMAL || 0.72
NO-OS -0.03

NO-VIB 0.27
NO-PRE | 0.25
SMS -1.21

gooobbbobbbooooobbobobbooooooooboobobbood
ggbobobuooogbbbuoooobobobooogoboon

4.3.3 UOO0O0O0OOOO

0000000000000 00000000 )OD0D00D0DO0000O00 4.1
ggdoooooobbbbbobbbboooooobbbbbbbooogad
gboobobgog49bopoobobobooboboobobobobooboon
gogooobbbbobbobbbbbbddoooooobbbbobbooogd
gbobdoboooborboooooboooboboboboboboboooon
0000 5%000000000000000

490000000000 FOODOODOODODODODOODODOODO
gbobgoooogbobgobogooboooobooobobobobobob Fod
gogoobbbbbuougoooobbbbbbuouoooooobobbooood
gboobobobosMSOboooobobobobobobobobbooboo
gooobbbbbuougooooobobbouooooooobbobogd
gboboooooboooooob roCbobooboboooooboboboon
ggboboooboboo

gogbboogoobbooooobbobooooboboo

gbogbobobboobooobuoobuaoboobogoobogoboanbg
gbbogbuodggboboboboobooboobboboboobooboboobo
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NO-PRE

0.25
SMS NO-0OS NORMAL
-1.21 -0.03 NO-VIB 0.72
0.27
-1.0 -0.5 0 0.5 10
less natural more natural

0 49: 0000000000

gobbbbbuoouooogobbbobbouooooooobbobobbbood
gogoobbbbbuoooobbbbbbuooooooobbobbbood
gobobooood

gboooobborooobboobboooboobboobbobbooboo
gogoobobbbouooooooobbbbbboooobbbobboodad
gogbobboboobobbbiodgoooooobooboboobbboooooooood
gooobbbobbbouoooobbobbbuoooooboboobobbood
ggooboood

gogoobbbobobbooogobbbobbbodooooooboobobbood
gogooobobbbuougooooobbbboooooobbobboogd
goobbbbotouooooooooboboooooooobobobboogd
googobbbobbbooooooobobobbbuooogoboboobbood
gboooogbboobuogubobuogboobboobboobooboobo
gboboboogoboNoO-VIBOOODOODOobobooooboboooo
gbobobooobobboobobobuobboboboboobOob NO-VIB
gooobbbobbbuoooooobbobbbuooooobobobbobbood
gboosMSOOOOO NORMALUOOOOODOODOODOOOOOOoLOOOoODO
gogdgbobobbobbobuoduuoooooooobbbbbobboooogad
ggboboboodgn
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4.4 rouUuoouooooooooooogod
-Foutoooooouonooododoodn-

gboboooodooboroboboobooooobobobooooobobonbog
gbooobooooooboooooboboboooboobbob roobonoon
gbobooboobbooboo roooboobboobbooboobbooo
gogoobbbbbbouoooobbbbuouoooooobbobobbbood
gogoobbbbbuotuooooobbbbbbuooooobbobobobbood
gogbbobuooogbboo

000000 4.10000 Klatt formant synthesizer D DO O O000000O0O0O
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4.4.1 Klatt formant synthesizer 1 00000000 OOO0O
Oo0od
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gooooboobooobobooooooboobobooboboooooobOon
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gooooboobobooboooboobooboboboboobooooboo
gooooboobobobobooobooboobooboboobooobOon
goooboobobobobooobooobooobooboobooboo
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g41000000000000000O00 FOODODOOODOOODOODO
gboboobboobooobooob42b000boboobbooboboon
Oo0ooOoOoboooOoboo0oobooOobob AgbDOooOoooooobooooboobooo
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e NORMAL
TEMPOOUOODDODOODODODODDODOODODDODDDDODDDDOKIatt formant
synthesizer 0000000000 ODO 410000 0000

e SYN-ALL
FOOOOOOOO0O000000FO00000000000000000
000000000000

e SYN-OS
FOO0O000000000000000000D0oooooOOpBplDooOO

e SYN-VB
rFoOO0O0O0000000O000O0O000O0O0OooOOoooooooooang (bl
goon

e SYN-PRE
rFoO0O000000000000O00000O0O0oooooOOpplooOO

e SYN-BASE
FOO0O0000000000000000000O00oooOoOOpBplDOOO

gboroboboboooboboooboboobooos20oboooboboooon
g4io0gboboogobbobuoogbobbooogd

goon

gbbodgbboogbuogooooudgbbooboobobuoobooboobda
gogoobbbbbodooooobboboobbooooooobooboobbood
gogoobbbobouougooobbboobbouoooooboboobbood
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0 42: 00000 (0O00)0Klatt formant synthesizer 000000000000

ao 0o
NORMAL | 1.16
SYN-ALL | 1.18

SYN-OS 0.56
SYN-VB | -0.73
SYN-PRE || -0.06
SYN-BASE || -1.15

gogoobbbobbbouooooobbboooooooobbbbbood
ggob 460000000

gooobbbbbouoooobobbbbboduoooooboobobbood
gogoobbbobbbodoooooobbobobbougooobboooogd
ggbobobooobobboooon

ggooboood
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gbbodgbobobuodbbooouoobbooboobbodobbouabo
gboobobgoooobbobooobob ro0booboboboobobobon
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SYN-BASE NORIAL
-1.15 SYN-PRE SYN-OS ;
SYN-VB -0.06 0.56 SYN-ALL
0.73 1.18
Yy | Yy | A ‘ |v | w
-1.0 -0.5 00 0.5 10
Iéss natural more natu'ral

0 4.11: Klatt formant synthesizer 0 00000000000 OOO0O
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gbobooooboboobobobob roOooboboboboobbobooon
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gboboogobboboboooboobuoobboobbooboobogbobd
goooobooooSYN-ALLOOOOOoOooobooboooooooooboo
googboro0boobboobboobuooboobuoobooboobo
gooobbobbodoooooobbobbbooooooobbboogd
ggoobbbbbouooooooobbbbbouooooooobobbbood
goggobobbbbuooooooobbobbbuouoooooobbobobbod
gooobbbbbuouooooobbbbbouooooobbbbbood
gogdgbbbbbouougoooooobbbbobbboooobbooogad
gogobbbbbbbbtbodgoouooooooobobboooooooogad
gogoobbbbouooooobbbbbbuooooooobobobbbood
g
gogoobbbbuodooooobbbbuouooooobbbbboodad
ggbbbbbuodoooooobbbbboooooobbbbobobbooad
gogodgobobbbbbbbbbooddoobooooobbbbboogad
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gboboboo robobooooboboboobobobooboooboboboon
goboobobobobooobbooobobooobobooobboOoobobSYN-
ALLO0O0OO0OO0OO0OOO0OO0OO0bOObOOoO0bOO0bOobOOobobOobOobDOobobOoDbo
gbogboobbobbgobooboobboobbobbobboobad
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gogoobbbbbuouoooobbbbbbooooooobobobobbood
0000000000000 00b00O0OSTRAIGHTO FOODOOOODOOO
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e SYN-ALL
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043 00000 ((OO0)OSTRAIGHTOOOOOOOOOODOO

ao 0o
NORMAL | 0.94
SYN-ALL | 0.85

SYN-OS 0.42
SYN-VB | -0.71
SYN-PRE | -0.23
SYN-BASE || -1.04

SYN-BASE SYN-ALL
-1.04 SYN-PRE SYN-OS 0.85
SYN-VB -0.23 0.42 NORMAL
-0.71 0.94
"| A 4 | A 4 ‘ A 4 | v V|
-1.0 -0.5 00 0.5 10
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4.5 OU0OO0OUOO0OFoLOOOOOODOOO
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044 00000000 AOBODOODOODOODO FOOODOODOOO
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ggbboodgobbooobobuooobbooobbooobbbuoooboo
gogoobbbbtbouoooooobbbbuooooooobbobobbbodod
goboog

69
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045 00000 (0D00) (Klatt formant synthesizerd STRAIGHTO OO OO
000o00)d

0o ao
0o Klatt | STRAIGHT
REAL -0.3239 0.1149
AMA -0.2559 -0.1308
PRP-OS || -0.0052 -0.0156
PRO-VB || 0.2348 0.0504
PRO-PRE || -0.0729 -0.0312
PRO-ALL || 0.4375 0.1149

00000000 000bO FrFoODODOO00D0O0O00DOO0O0000 PRO-ALLODOO
0 0 OKlatt formant synthesizer D O 00 0000000000000 STRAIGHT
O000O00OPRO-ALLOO0OOOOOO NORMALOOOOODOOODOOO
0000000000000 000000O00000000000Doo0o0oo
0000000000000 0O0000DLO0ODLD0ODOD0ODLDO0ODODOD0O0OOO0AMAD
OPRO-ALLO000O0O0DOOOO0OODDOODOODOOODOOODOODO
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REAL PRO-PRE PRO-ALL
-0.3239 -0.0729 0.4375
PRO-VB
AMA PRO-0S 0.2343
-0.2559 -0.0052
Y Y f v Y Y
-0.5 -0.25 0 0.25 0.5
" less natural more natural
PRO-0S PRO-ALL
-0.0156 0.0985
PRO-PRE
-0.0312
AMA PRO-VB REAL
-0.1308 0.0504 0.1149
y Yy ¥ ly vy
-0.15 0.1 -0.05 0 0.05 0.1 0.15
less natural more natural
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ggbbbuoogobobboogboobboooobobobooooobooo
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gogoobbbbobdoooooobbbbbodooooobobbbbbood
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4.6.1 0UO0O0OOOOOO

000000042000 000 Klatt formant synthesizer 0 00000000
0000000000000 000000O0000DD ADDODODDOOD 100
0o0o0o0ooobooboboo0bO0 ‘“oboobooor’obo“boooon”
000000000 /a/000000000000000000 FOOODOOOO
0000000000 bO0obOo0ooOoooooboOoboobonon

gobobobooboobuoobboobboo

gogoobbbbuodooogobbobbbouoooobobbbbbbod
ooooo Qb ¢obobobobobobobQubobobobooboon
03200000000000000000000000.0383rad/msO000000
00000.0292 rad/ms0000000O0.09 ~ 0.15 rad/ms0 0.005 rad/ms 0O O O
gobboooooboobooobo¢cbboos320b00000b0O0000DODo.542
rad/ms00000000000.668rad/ms0 000000000 ¢CO00O0O0O0O
gogbobooogobbobodgdgdgo099~o0.2350000000000000000
ooQboooQODobd0oboobooboooboobooooooobUoDOo Koo
ooQDbOobOoboooogo

goboooboobd

0000000000000 000O000O000b00o0bOOQDO00n vibrato
rate O K ODODOO vibratoextent U0 OO0 O00O0OOOOOODO DO vibrato rate O
gobodobturobboobboobbooobboobboobbon 5.6 HzO
Ub000+£02HzO000 £7HA OO 1 HzOOO 4 HzO0OOOOOODOOOO
00000000 00b0b0o0ob0bUobouoobooouooOol vibrato extent
00000000000000052%00000000000040vibrato extent
000000000000000000052%0000000000+41 %00
005 ~15.0%0004%0002%0000000000000000000
0000000 vibrato rated 5.6 Hz O O O OO
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4.6.2 0000

gdgddooddoooooooooooboooodooooUoUUUU o
ggbbobooobbboooobobooobobboooon

4.6.3 UO0OUOOOO

gogoobbbbbbuooooobbbbboooooobobbbbbood
gooobobooboboooooobobobobo4sbd41e000ogon
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godooooooobbbbbbbbddoouoooobobbobobbbood
gogooobbbbbbbtbooooooooobbobbobooboboabbood
ooobd AMAO PROOOD 4400000000000 0000000OO
gugbbboooobbbuoooobbboooobooob
gogoobbbbbboooooobbbbboooooobbbbbbodad
gbobgoooboboboboob rooboboobooobobobon
gogooobbbbbbbtbouoooooobobooobobobobobooogd
gogbbobuogoobbobuoooobboboogoboboo
gboobooooob ro0O00oobobooooobobobouoboooobo
gogbbobuoogobbobuoooon
ggbboogobbobuogoobbboooobbo441sbo0ooboood
OO00OPROO AMAOOOOOOOOODOODOOODLDODLOOOOOOOOO
goobbbobbouogooooboboobobbouooooobbobboogd
gooobbbobbbouooooobbobbbuoooooobbboobobod
goooobooooooobbobbboduoooooboobooooggd
gooobbobbbuooooooobbbobbouooooooboobbood
ggbboboooobbboogobbbuoogooo
gooobobooobbooobboo4ieodbbooobooooboPrROO AMA
gbbogbuodgboobboobuobboboboooobbooboobo
ggbbuoogbbboogbbuoogbbuoodbbuooobboodoboboboo
gbboobobodouboboboobboobbobboobuoobobobobad
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gogogoobbbbtboddoooodooooooobboboobobooogad
gooooobbbobobbbobtbooooooobobobbboooooogd
gbobro0boobobobooboooobooooobobobouoobooonon
goooobbbbboooooobbobbobboouogoobobboogd
ggbbobooobobbbooooboboooobboooobbobogd

76



(a) +— PRO

naturalness
o

AMA

002 003 004 005 006 007 008 0.9
omega [rad/ms]

——AMA

naturalness
o

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

(C) \
n 0.2+ |
7))
0 PRO

-02

naturalne
T
>
=
>

-04

T

06—3502 003 004 005 006 007 008 009

omega [rad/ms]

AMA

naturalness
o

PRO

03 04 05 06 07 08 09 1
zeta

0415 00000000000000000000OO(x):0000000000
000000QO0000000O0Mb):000¢CO00000ond(e):0n0non
0000 QUO000O0O000[d):000¢000000nnooo

77



0.51
A
o Of
£
©
§-0.5~
®
c 4L

357 3.85 417 455 500 556 6.25 7.14 833 10.0 125

Vibrato rate [HZz]

0.5 <«— PRO i
A
()
£ of 1
s ° /7
=)
T-0.50 AMA i
c

-1 1 1 1 1 1

0 25 5 7.5 10 12.5 15

Vibrato extent [%]

0416 0000000000000 0O0O0O0O0OOO0O0O0OOvibrato rated O O
O00000D0Ovibratoextent DO OO0 OO OO

4.7 VibratorateUUOUOUOOOODOOOOOOOOO

000000004~ 7HzO0OO vibratorate 000000000000 [71)0
OoboooroobooobOoOobDOod vibratorate 5.6 HZzOOODOOOODOO
gooogboboboobouboogb 45200000000 0Prametd
OOb0O00OOvibratorate 000000000000 ODOOOO0O0OODOODOO
0000000000000 00000O0Ooooo [62)0

gboooboodOvibratorate U0 OO0 O0OO0OOOOOOO0ODOOOODOO
goooobbbbbbboboooooooboobbooobbbobobbooogd
OO0 vibratorate 00D 0D OO0O0OO0OOOOO

78



4.7.1 Vibrato rate O [J

Prame 0O 00O OO0OO0OO0OOOOOODOOODOOODOOOODOODODOOO
0000000000000 [62)0

a: Vibratorate U D 000000000 0OOOOO

b: DOOOOO0OO0OOODOD40600000000 vibratorateJ OO OO OO0
Oo0o0oogd15%000

000000000000000000000000000000000000
000000000000000 vibratorate 000000000000000
00000000000 000000000AODOOOOCOOOOOOOOOO
000000 BOOOOOOOOCOOOOOCOOOOOOOOOODOTEMPO
000000000000 0000000000000041300000000
0000000000000 0000000Ovibratorate 0000000000
ooooo

OD0000Ovibratorate 000000000000 4170000000 Type
0 TypeldO O OType 00O Type] 00 0000000000000 0OTypel O
00000000000 54023023% 0000000000000 0000Prame
000 a00000000000000Ovibratorate 000000000000
000000000000 000000000000000000000000
0000000000000 000000000000000 135%00000
00 Prame 000 bOOODOOODO0O0OO0O0OOOO0DOO0OO0O0OOO0O0O0O0O00O
000000000000000038%00000000000000000

0000000000000000 Type20000000000000000
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Type 1 A Type 2 A Type 3
W -y
2 __/ \ . --"' -
© 2
_9 E -.“ ’o’--
© -9 ‘x 'O
S © Seaar?
= o]
= 54 % 23 % S 23 %
Time Time Time

0 4.17: 3000 vibratorate D OO OO0 OOO

4.7.2 Vibratorate DO UODODDO0O0OODOO0OODOOOOO

gbhobobobobbodvibratorate D0 OO0 OO0O0OOOOOOOOOOO
gbooboooooobobobooborooooobobobuoboobobnon
gbobdO0OOvibratorate DO OD0OO0O0OO0OOO0OOODOO0O0O0OOOOOO
ggobooodg

gogbooodod

gbobooboorobobobooboobooboboobobobobouoobobo
ERERE

h(t) = (K/Q) sin(Qt)0 (4.1)

OOb000Ovibratorate 0000000000000 OO0OOO0OO0OODOO
O000b00b0oboboOodOvibratorate DO DOO0OO0O0O0OO0OODOOOO

h(t) = (K/Q) sin{Qt + exp(M;t)}0 (4.2)

O0bDO0QUUiDoO0o0booboobOodvibratorateD 0D O0D0OOO0OO0OODODOO
gbobooooodvibratorate 000000000 0OOO0OOODOOOOOO
000 M,0000vibratorate 10 0000000000000 00O0O0O0O00O
ggbbbuoooobbboooobbboooobobobtooooobbo
0((42)000000000000000000O0O/a/000000000000O
goboooooooboooboouobbooboooooboooboboOoon vibrato
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rateJ0000O0O0O00O0OOOOOO0O0O0O0O0OOOOOOOOOO0O0O0O000
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r—— vibrato rate: increasing

naturalness
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o
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5 T T

/’ vibrato rate: increasing

“0. 20
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