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OO00O0O0000DO0OMO The purpose of the research is to develop techniques that make the
human—computer interaction using speech input/output more robust for variations of users’ emotional
states, speaking styles, preferences, and expressivity. We have proposed techniques using a quantized
fundamental frequency prosodic context for robust speech synthesis and an extended context set for
spontaneous conversational speech synthesis. We have also proposed techniques for robust speech
recognition including extraction of paralinguistic information and rapid model adaptation.

gooogo
goooooog
goog gogn g 0

googod 2,900,000 870,000 3,770,000
gpoogod 2,700,000 810,000 3,510,000
gpoogod 1,900,000 570,000 2,470,000

g

0o
g 0 7,500,000 2,250,000 9,750,000

oboooboobo
g0oooboobobooboobuoobobobooboobon
gooobooobooog

gboooboboobg
gooobooooooboogboboogo
gboobbooboooboobooboon
gboooobgoboooobooboon
goboooobobooobboooob
gboobopoooobobobooboon
gbooboobobooboooboon
gbooboboobooboobooboon
gboobooboboobooog

gobobooboobgooobooobg
gobooogoobooobbogooob
gobooogoobooobbogooob
gbobogbooboboboobooboon
gbooboobobooboobboon
gobooogoobooobbogooob
gooooboomoboobooooooobo
gbogbobobobobobooboon
goboobooboboboobooboobo



gogooboobboooomoboogoooo
gobooogobooobboogooon
gboobooboboobooooboon
gbooooboobooooboobooon
goooboooooobobbbooooon
gboooboobobooonDog 9% odn
gbooboobobooboobooon
gobooogobooobboogooon
goboooboobobobooboooboobo
gbooboobobooboobobon
gboobooobboooobooboon
goooboooooobobbbooooon
gobooogobooobboogooon
gbogooobooobooboobooo
gobooogoobooobobooooon
gbogoboooobobooboobooon
gbooboobooooobooboon
gobooogoobooobobooooon
gooobgooobgon

gooboobooboobbooobooobg
gbooboobobooboooboon
gobooogoobooobobooooon
gogno

goooogn
gbooboobooobooboboobg
gbogoobobooboobooboon
gobooogooboooboboogooon
gbobooobooboooobooboon
gbooobgooboobon
() Oooopoooooooobooogooo
gobooboooobooog
() 0OOooDOO0oOooboUooobooooDoo
gooobooobooobooobgooo
(3 0DOoOoOopoooOoOopoobooogooo
goooboooobgooog
goboobobooboboobooobg
gbooobooboboobooboobo
gobooogoobooooboboogoon
gbogboobobooobooboon
gobooogoobooooboboogoon
gobooogoobooooboboogoon
gboogboooboooobooboon
gooobooobooog
(1) OO0O0oO0ooooobooooooooo
googd
() OOOoOoOoooOooooo
(3 DO0O0OooOooUoOoDoboooooDo
() DO0O00DoooOoOoDpoogooooo
(b)) DoOOooobooOooboogo

googoogo
() 0OoO0OoUUoooooogoobooa

ogogno
goboboooobooboobooobg
gmogogooboboboogooooobon
gobooogoobooobboogooon

gbooboobooooobooboon
gbooboobobooboobobooon
gbobooooboboooobooboon
gboboooboooooobooboon
gobooogoobobooobboogoon
gobooogoobobooobboogoon
gboobboooboooobooboon
gbooooboobobooboboon
gobooogoobobooobboogoon
gobooogoobobooobboogoon
gobooboooooobobbbooooon
gbooboobooooobooboon
gobboooooboobboooooooo

() 0ooOoOoobooooooo
gooobooooooogoooboogo
gobooogoobobooobboogoon
goooboobooobobooboobo
gbooboobobooboboooboon
gobooboooooobobbbooooon
gobooboboooogooboocesioonon
gobooogoobobooobboogoon
gbobooobooboooobooboon
gobooogoobobooobboogoon
gobooboooooobobbbooooon
gobboooooboobboooooooo

() 0D0000oooooooboooooo

gooobooooooogoooboogo
gbooboobboooobooboon
(oo wmwoOooooooooooooo
gboobboooboooobooboon
gobooogoobobooobboogoon
gbogobooooboboobooboon
gboobooboboooboobooon
gbooboobboooobooboon
googoo

() 000O00DbOOoO0oOooooOooooo
gooO0oo@ouobooooogooooo
gbooboobooooobooboon
gbogoooboooboboobobooon
gbooboobboooobooboon
gbooboobobobobooboon
gboobooboboobobooboon
gbooboobobooboobooon
gooobgoboobgo

() DO0O0O0ODOOoOoOoDbbooo
gooobooooooogoooboogo
gobooogoobobooobboogoon
gbooboobobobooboooon
gbooboobboooobooboon
gbogobobooboboobobooon
gbooobooboboobooboobo
gooobgoboobgo



oooooo
() 0000000000000 00000
o000
000000000000000000
000000000000 0000000
O00O00O@MOO0D00)000000000
00000 @E)DDO0DDODOOoOn
0000000000000000000
HMM OO0O000000000000000
00000000000 @EWOOO0D000
O00DOFO00000O000000000O0
00000000000000000000
00000000000000000000
O0OHWMOOO0ODO0OO0O00000O00000
O00O00WMMODOOO0OO0OO0OOO0O0000
00000000000000000000
000000000000000000000
O0O0OOWMWODOOOO0000O00000
000000000000 00000000
00000000000000000000
00000000000000000000
000000000000 0000000
00000000000000000000
000000000000 0000000
00000000000000000000
00000000
000000000000000000
00000000000000000000
000000000000 0000000
000000000000 0000000
00000000000000000000
000000000000 0000000
00000000000000000000
00000000000000000000
000000000000 0000000
00000000000000000000
000000000000 0000000
00000000000000000000
00000000000000000000
000000000000000000
0000000000000 FOOOOO
00000000000000000000
00000000000000000000
O(logFO) 000000000000 O000
0000000000000000000
00000000000000000000

o RTILAR
e 4.l EIEERIEREIRE ,53,_
-Lr E il . g G b o o e o -3
g _____________ [ Iirnm "m‘;\ ﬂ_
JZS
: jlibbuiNinjo |hio |ole paunjenlimalne |t lanjoda| SEEF|
FoF®5
m (= e
= oy
QIani8i33 3 x 2/1/0]x 11122221 x100000DF0 Fb
JTBuNnoho o epiunenimane { anoda SE®RF
I'E

01000000000 000 kOO
gooooooo

O00D00DOoOO0O0oO0oO0oooooood
logf0 OO O O0OO0OO0OOO0ODOOOOODOO
O0000oo0oooOo0oooooooood
0000000 100@moooooood
0000000 FOOOODODOOOODODOO
O0D0O00o0O0oOooooooooooog
O0o00oooooooooooooood
Oo0o0oooooooooooooooon
O0DO00o0ooooooooooooo
O0o00oooooooooooooood
O00O0DrROOODDOOOCOODOOOOOO 2
00 ooo0o0oooo 40000000
Oo00o00oooooooooooooood
Oo0o0ooooooosooooooood
O0D0O00o0oOoooooooooooog
OMooooooooooooooooog
Oo000oDooooOooooooooooog
Oo0ooooooooooooooooon
O00ooooooooooooooood
O0D0O00o0oOoooooooooooog
O00ooooooooooooooood
O0D0O00o0oOoooooooooooog
OMooo0ooooooooooooog
d0o000oDoooooooooooood
O00o00Dooooooooooooood
O0D0O00o0oOoooooooooooog
Oo0oOdoooOoOAMM ODOD0ODOOO0ODOOO
O0D0O00o0oOoooooooooooog
Oo0o00oooooooooooooood
O0000oooooooooooooood
0000000 oooooooooog
Oo00o00oooooooooOooooood
ooo
00o0oooooooooooooood
000034 (under-resourced)d 00000
O0D0O00o0oOoooooooooooog
O0D0O00o0oOoooooooooooog
Oo0000oooOooooooooooood
oooooooooooog

(2 000OOoobooooooDo
gobooboobooobogobobooobg
gbooboobobooboobobon
gobooboooooobobobbooooon
goboooobobooobbooooon

RMSE of log FOC
]

Total number of states —e---
1050

b=
o
(=]

850

RAMSE of log FO [cent]
-
(%2
(=]

Total number of states

&

1234586878 910111212141516
Number of quantization levels

0200000000 FrROOCODOOOO
gbooobooboobgn



Read Speech  Conversational Target Speaker's
Speech Conversational
Adaptation Data

Reading-style Conversation-style l
Avegerage Avegerage Target

——|Speaker
Style

Speaker | Model
Adaptation

Adaptation
030000000000 0000on
0o

Voice
Model

Voice
Model

gobooogobooobboogooon
gboooobobooboobooboon
gobooogobooobboogooon
gbooboobobooboooboon
gbogobob 30b0boobonooon
gobooogobooobboogooon
gobooogobooobboogooon
gobooogobooobboogooon
gooobom
gooboooboobobooobooobg
gbooboobobooboobooboon
gobooogobooobboogooon
gbooboooobobooboboon
gobooogobooobboogooon
gboobooboboobo A ODDOOn
gbogobboooboooobooboon
gobooogobooobboogooon
goboboooooobooboooooooon
gobooboobobobooobooobg
goboocopoobbooooooooon
gbooboobobooboobb 100
gbooboobobooboobooon
gobmoooobobboooooooo
gobooogobooobboogooon
gobooboooooobobbbooooon
gobooogobooobboogooon
gobooogobooobboogooon
gboobobobobobooboboon
gMoobooobobgoroObOoDbDOon
goooboboooboobmm
gobobobooboobooboobg
gobooogobooobboogooon
gboobooobooboobooboon
gbooboobboobooboobooboo

(3 000O00bOoOoOoooooooo

gooobooooooogoobobooboogo
gobooogobooobboogooon

ol1o0000booobgooo

BASELINE ADDITIONAL
A BFE F THEFIEETL
B —7% G BEASAN
C FTrEYF|H F—vIe
D HREE 1 FEmeE
E E&HE J EBEHNER
K HFEH{
L &

gobooogooboooboboogooon
goooboooooobobbbooooon
gbooboobobooboobobooon
gobooogooboooboboogooon
gobooogooboooboboogooon
goboboobbooooomooooooon
gooobooboAwMoobooooobooobd
gobooogooboooboboogooon
gobooogooboooboboogooon
goooboooooobobbbooooon
goooboooooobobbbooooon
gobooogooboooboboogooon
gbogobooboboboobooboon
gobooogooboooboboogooon
goboobobooobooboobobm
gooooobobDwmwmwbboonbooDd
gboboooboooboooobooboon
gbooogboooboooobooboon
gboobooboboobooboooon
gbooogboooboooobooboon
goboooobobooobbooooon
gbobogoboobobooboooboon
goboooobobooobbooooon
gboooboboobond

() 000O00DOOoO0oOooDooOoobooo
gooobooooooogooboooboogo
gboboooboooboooobooboon
goboooobobooobbooooon
gbooboooboooobooboon
goboooobobooobbooooon
gbogobooboboboobooboon
goboooobobooobbooooon
goboooobobooobbooooon
gobboooooboobbooooooooo
goobooboobooobbooobooobdg
goboooobobooobbooooon
goboooobobooobbooooon
goooog, boboom™moog Hw O
gboboooboooboooobooboon
gboooboobooobobooboobg
gbogoboobobooboooboon
goboooobobooobbooooon
gbogoboobobooboooboon
goboooobobooobbooooon
goboooobobooobbooooon
gbogoooboboobooboobooon
gbooboooboooobooboon
goboooobobooobbooooon
gbooobooobooooboobooon
gbooobooboboobooong
gobogobcuoboooobooong
gbooboobobooboobobon
gbogoboobooooobooboon
goboooobobooobbooooon
gbooobooboboobD400mogon
gbogboobobooboooboon



H Si

B Style-dependent
O Style-indpendent
O MRHMM

Error Rate (%)
o

Reading AP
Speaking Style

0 4 ¢SJO 00 (Reading)D 0 O 0 O (AP)
0000000000000000000

gboobooboboboobooboon
gboowmboobDoboobOoDooobooon
goboobobobobooboooboom
gooobooooooogoobobooboogo
gboobooobooooboobooon
gbooboobobooobooboobo
gobobooooobooboooooooon

() DO0O0O0ODOOOOoOoDboOO

gobobooboooboobooong
gboobooboobobobooboon
gbomooobooboboobomo
gobobobbooooooob™mooooo
gbooboobobobooOooooon
gbooogoooooboboobooon
gbogboobobooobooboon
god

goboobobobobobooboobon

gobooogooboooobboogooon
gobooboooooobobobboooom
gboobobooobooboboob 20
oo boobooboobgosgn
oboobodnObDOO0Ob0OO0ODODDOD
goooobooooooobboDb eDDOO
gobooDbD 1 0000000000000
gogno
goboobobooboboobooobg
gbooboobobooboooobooon
gobooogooboooobboogooon
gobobooooobooboooooooon

goooogooog
gboobooobooboobooboon
gogno

Oo0ooomosooa

O AR, BEE B, KRR, HMM (2
HOKIFEE AR IT D%k iR
R DI DT I ANDILNE, B
Wl E TGS, A, Vol.J95-D,
pp.597-607, 2012.

@ Takashi Nose, Takao Kobayashi, Very low
bit-rate FO coding for phonetic vocoders

using MSD-HMM with quantized FO
symbols, ##tH, Speech Communication,
Vol.5b4, pp.384-392, 2012.

Vataya Chunwijitra, Takashi Nose, Takao
Kobayashi, A tone—modeling technique
using a quantized FO context to improve
tone correctness in average—voice—based
speech synthesis, #& #t A , Speech
Communication, vol.54, pp.245-255, 2012.
Takashi Nose, Takao Kobayashi,
Speaker—independent HMM-based voice
conversion using adaptive quantization of
the fundamental frequency, % Ft A ,
Speech Communication, vol.53,
pp.973-985, 2011.

Takashi Nose, Yuhei Ota, Takao Kobayashi,
HMM-based voice conversion using
quantized FO context, IEICE Trans. on
Information and Systems, % #t A ,
Vol.E93-D, pp.2483-2490, 2010.

Shuji Yokomizo, Takashi Nose, Takao
Kobayashi, Evaluation of  prosodic
contextual factors for HMM-based speech
synthesis, #& %t A , Proc. 11th Annual
Conference of the International Speech
Communication Association,
INTERSPEECH 2010, pp.430-433, 2010.
Tomoki Koriyama, Takashi Nose, Takao
Kobayashi, Conversational spontaneous
speech synthesis using average voice model,
A, Proc. 11th Annual Conference of
the International Speech Communication

Association, INTERSPEECH 2010,
pp.853-856, 2010.
Takashi Nose, Koujirou Ooki, Takao

Kobayashi, HMM-based speech synthesis
with unsupervised labeling of accentual
context based on FO quantization and
average voice model, & #if, Proc. 2010
IEEE International Conference on
Acoustics, Speech, and Signal Processing,
ICASSP 2010, pp.4622-4625, 2010.
Yusuke Ijima, Takashi Nose, Makoto
Tachibana, Takao Kobayashi, A rapid
model adaptation technique for emotional
speech recognition with style estimation
based on multiple-regression HMM, ##¢
A, IEICE Trans. on Information and
Systems, Vol.E93-D, pp.107-115, 2010.
Takashi Nose, Takao Kobayashi, A
technique for estimating intensity of
emotional expressions and speaking styles
in speech based on multiple-regression
HSMM, 4 i 47, IEICE Trans. on
Information and Systems, Vol.E93-D,
pp.116-124, 2010.




gooobomo430o0

)

Tomoki Koriyama, An FO modeling
technique based on prosodic events for
spontaneous speech synthesis, 2012 IEEE
International Conference on Acoustics,
Speech, and Signal Processing, ICASSP
2012, 2012 4£ 3 H 29 H, Kyoto, Japan.
&AL, HMM B A BRI 381 DA E
B ALANVERORRE, B WEE
AR EITES, 20114 12 A 20 H, &
T LZERY:, HAERITRIX.

Tomoki Koriyama, On the use of extended
context for HMM-based spontaneous
conversational speech synthesis, 12th
Annual Conference of the International
Speech Communication Association,
INTERSPEECH 2011, 2011 48 H 30 H,
Florence, Italy.

Takashi Nose, A perceptual expressivity
modeling technique for speech synthesis
based on multiple-regression HSMM, 12th
Annual Conference of the International
Speech Communication Association,
INTERSPEECH 2011, 2011 48 H 28 H,
Florence, Italy.

Takashi Nose, Very low bit-rate FO coding
for phonetic vocoder using MSD-HMM with
quantized FO context, 2011 IEEE
International Conference on Acoustics,
Speech, and Signal Processing, ICASSP
2011, 2011 4£ 5 H 26 H, Prague, Czech
Republic.

Vataya Chunwijitra, Tonal context labeling
using quantized FO symbols for improving
tone correctness in average—voice—based
speech synthesis, 2011 IEEE International
Conference on Acoustics, Speech, and
Signal Processing, ICASSP 2011, 2011 45
H 24 H, Prague, Czech Republic.

IR AE, BhE D OB O REBHEEIC
FLIEEFEHE RO, BGEEFFH
250 [EIfFZES:, 2010 42 3 H 23 H, SR
Takashi Nose, HMM-based speaker
characteristics emphasis using average
voice model, 10th Annual Conference of the
International Speech Communication
Association, INTERSPEECH 2009, 2009 4=
9 A 10 H, Brighton, UK.

Yusuke Ijima, Speaking style adaptation for
spontaneous speech recognition using
multiple-regression HMM, 10th Annual
Conference of the International Speech
Communication Association,
INTERSPEECH 2009, 2009 4£ 9 H 7 H,
Brighton, UK.

goomobon

goooogo
obUOOoObOODOO

gogd
gogno
gogno
gogd
gogd
googoo
googog

obUOOooboOoODOO

god
gogo
gogo
god
god
googog
googog

ooooo
ooooooo
http://ww_kbys.ip.titech.ac.jp/

oooooo
(Hooooo

0 0 O O O KOBAYASHI TAROD
0000000000000000000
0o

00 000070153616

(O0O0000
O 0

googooo

@G)ooooo

00 O ONAGAHASHI HIROSHIO
000000000000000000
00000 020143084

(4H)ooooo

00 OONOSE TAKASHID
0000000000000000000
0o

00000 090550591



