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Prosodic analysis for utterance sequence in spoken dialogue based information
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Prosody control for speech synthesis used in speech based information delivery is discussed. Conventional speech
synthesis systems generate natural and clear speech of written sentences. In conversation for information delivery,
however, a sentence is divided into several information units and they are synthesized one by one. To synthesize
speech that a listener can easily understand, the voices of all the units should be harmonized as a sentence. This
study focuses on prosodic information of such synthesized speech. Subjective evaluation is conducted to compare
synthesized speech with normal prosody and speech with modified prosody where some of the parameters, such as
FO0 average, speech rate, are adjusted to human voice. The results show that the speech rate should be controlled

to make a speech more understandable.

1. O0O0odg

obobooooooboooooooooboobooooooo
gboboooooooboboooooobooooooboo
O00Siri0 Pepper 0000000000000 0OOODO
o0oo0oO0oooo0oooOoooOoooooooo 1o
000000000 20oo0ob00o0o0ooooooooo
OOHMM OODOODOOO0OOOOOO0OOOO0OO0DOODBOO0
gooooooooocooboooooocoooooooooon
goboboooboooooooooooocooooooooon
gooooobooboooooooooooboooooooon
goboooooooobooooobooooooobooooboobooo
ooboooooooooooobooooboooooobooo
000o00o00oU0o0oO0ooOooO B,4000000ooo
gooooooooooooocoooooooooooooon
gbobooboooooooboooooooooooobooon
gooboooooooooooooobbooooooooo
00o0o0oo0o0oooooo0ooooo pooooooo
gbooobooooooboooboooooooobooomooon
gooooobooooboobooobooooooooooooon
gboodoooooooboooboobooobobooboooooooo
gooooooboooooobooooooooobooboooo
googooooooooobooboooooboooobooon
gbooooooooooooooooboo
gbobooooooooboooboobobooobooooboobo
bbb l1ooboodooobooooooobbooboooooDooo
gooooooooooboooooooooooooooon
0oo0oooooooooooooooboooooooooon
goboooooooooooooooooooobooooooon
gboooobooooboooooooboocobooOoooboooooboo
goooooooobooooooooooooooooooon
goooooboooboooooooobooooooooooon
goooooog
gooooooooooooobboooooooooobo
goooboooooooooooooocooooooooon

000:000000000000000000000000
270 fukuoka@pcl.cs.waseda.ac.jp

goboboboooooooooooboooooobooooooo
goooooooobooboboooooooooboooooo
goooooooooooobooooooooobooobooo
gooooooooooooooooooooobooooooo
gobooooboooobooo
yooobooooooooboooooooOoobobooboooa
goooooooooooboboooooooboboooooooo
gooooooooooobobooooooobooboooooooo
ocooooOoHEHMMOOOOOOODOOOOOOOODOOOO
gooooobooooooooobooooooooboooooo
goboooooooboooobooooa

gooooooooooobooooboooooooooooo
oooooooooooooobooooooobooboooo
goboooooooooooooooooon

U1l.0b0bo0oooboooooocoooooboooooon

2. 00O0ODO

odooooUoO0oooOooUUoooUOooooUoooo
0000000000oo0ooooo e8ouoooooon
0000000000000D0O000o0ooooooooog
O000000o0o0ooooooooooooon

00000o0o00ooooOoUoOooooUooooooooo
ooooooooOooooooUoo Qoooooooooo
00000000000 (Fo)DOO0DO0O0 utterance 00O
phrase 00 0Olocal 000000000000 DODOOOOO
00000 utterance D O0phrase 0000 FoOOOOOO
O00D0000o0o0o0o0o0ooooooooooooooog
o0o0o0o0oooOoodooDOooooooooooooog
ooo

OO0OOCampbell [10) 0000000000000 OOOO
000000000 0000D000000000000000
O00D000ooo0o0o0ooooooooooooooog
o0ooD00o0ooooooooooooooooooooog



goooooooooooooooobobooooooooo
oobooooooooooo

oUQ (110 HMMOOOOODOODOODOUOOUOUOOO
goboooooooooooocoooooooooooooon
goooooooooooboobobooooooooooboooon
gooooooboooboooooooobooboooooooooo
000 (Fo)DOOD0ODDO0OU00O0D0O0D0O0D0O0DDOO0OoDooOO
goboooboooooooooooon

gbobooooboooooooobooboooboooobooo
gooooobooooooboboboodoooooooooon
goooooo

3. Uooboboag

3.1 Odooooboobooo

oooooooooooooooooooooobooobooboo
goooooooobooooooobooobooooooooon
gobooooooooooboooooocoooooooooon
gooooooooon

gooobobooooooooboobobooooboooooDo
2000000000DOOO00OO0OO0ODOOOO0ODOD
gbooooooboocoboooomoocooooooooon
goboooooooooooooooooooooooooon
000 [12J000000o0oo0ooUoooooooon
goooooooooooboooboooooooooooooD
goooooobooooooooooobooboooooooooon
gooooooooooooocoooooooooooooon
gooooo

gboooooooooooooooboooooooon
-goooboobooooobooooooobooobooooooon
goooooooo

U2 000000000000000

3.2 0OO0OOOOOOOO

boboooooooobooooboooobooooboooo
gooboboooooooooooboooboboooooooooo
goooooo

Jagooooooooooooooooooobocooon
gooooboooooooooocooooobooooboooon
gboboooooobodoboooooobOobooooboooaon
gooobobooboooooooooooooooooooon
gooobooooooooooobooobobooooooooon
goooo3datoooobooooooooooooooon
oooooooooboooboooooooooooooooon
gooooobooboooooooobooooooooooon
goooooboooboooooooobooooooooooon
good

3.3 00000D000ODO0OOO0
HMMOOOOODOOOD3.2000000000000
00000000000000000000000HMM O
0000000000 HTS.engine [13] 000000000
STRAIGHT [14] 0000000
00000000000000000000000000
000000D0000000000000000000000
000000000000000000000000000

gobooooooooboooooooboooobooooboobooo
oooooooooooobooooobooboooooooooo
gooooooooooooooooooooooooooo
gooooooooobooooooooobooboobooooooo
doooobooboooooooooooboboooooooo
goooooooooooooooooobobooooooo
gobooooooooobooboooobooboooboooooooo
oooooooooooooooooooooooooooo

gobooooboooboooooo

331 0000 FKROOOOO

000000000000 000000000000000
0000000000000 ROOOODOODOOOOO
000000000000 FRO0000000000000
0000000 FRO0D00000000000000000
F,00000000

0000000 KNP 0000000 Fpb 00000
Wavesurfer? 00 00 0000000000000000O0O
00 /OODOOD0OOODOOO0O0O0 F/OOODO0O00O0
00000000000000000000000000 40
00000 KO p,00000010000000000000
p0y/ 0000000000000000 F, 0000000
F, 0000000, 00000000000000 FDO
000000000000 00D0000000 FoO
00000000000000 FOOOOOOOOO0o00O
04/ 000000000000000000STRAIGHT O
000000000 FO0000OO0OOOOOOO00OOOO
0000000000000000000000000000
00000000000000

pi= P+ —p) (1)
= (u"—p™)+p
3.3.2 0000 FROOD
00D000000000000D0 FfOOODOODO0O00o
000000000000000000000000000
000000000000000000000000000
00000000 F,00000000000 F, 00000
000000000000 FROOOODOOODOOO0OOO0OO0000
F,000D000+000 Fep; 000000200000 Fo
00000000« "0s 0000000000000 00O0
0000 F, 00000000 O000000000 FrO0
000003.3.100 Ffr 000000000000 O00O00
oooo

pi= (pi—mk+p (2)
k= o /o

3.3.3 00000000 DOODOO
Joo0dobooO0oooboooooooboOooooooOooo
gooooboobooboooooooooobooooo
gooooooboooboobooboooboboooboo
doooopoDooooooooboopoooooooooooog
dooooooooooooo

0ooooooboooo0oO0 3.3.1 0000 KNPODOOOO
o0o0O00o (ooo/oU0o0)oUoUoooUooooo
x1 0000000000000 000 KNP version 4.110
http://nlp.ist.i.kyoto-u.ac.jp/index.php? KNP

%2 http://www.speech.kth.se/wavesurfer/




goooogooooooooooooooooouoooog
go0o0oo0ooooooooo -rOo0b0o0oboobooooooao
go0o0ooo0ooo0oooooooooooboooooooo
go0ooooooooooooooooooobooooooao
gooooobooooboooooooboooooobooonoa
goooodooooooooooooooooooooog
go00d0o0o0o0oooooooooooooooooooooa
Oo0o0oO00o0ooo0ooOooooooooobooooooao
go0ooo0oooooooooooo 0000003000
OO0o000o00 D, 0000000000000 00L00O0O0O
D, 000000000000 O000000O0000O0
20 (Dn > Dy)
“{ i+ 200 (D, > Dy) ®)

3.3.4 0O00O0OOODOOOODO

3.3.100 3.3.300000000DDOO0OOO0O0OOOO
gooooooooocoooooooocoooooooooon
OO0 O0OO0OO0OO0OO0OOOCDODOOOOOOO0O0O0O0Oooono
gooooooooooobooooobocoooooooooon
obobb0rrRUO0000O0O0DOOOOOOOOOOO0O00O0
gooooooooooboobooooooooooboooooon
gooooooooboooooooobooobooooooooon
oooo roOoOOoooooOOODDOOOOOOOOSs.3.10
3.3.200000000000000000 FobOOODOOO
gooooooooon

4. Ooggobo

3300000 3000000D00O00D0bDOo0OnOO
goooooooooooboooooooobooooooon
goboooooooooooooobooobooooooooon
goooooboooooooobooooobooOoboOoOoooOooaon
goobobooooooooooooobooooooooooon
gooooobooobooobooooooobooooooooo
goooooobooooogno s.2000000000 40
gooooooooooooooooocooooooooon
goboooobooooooo 2000000000000
goooboooooooobooooobooooooooooon
goooobooooooooooooboOooooomobOoon
gobooooooobooooooobooobobooo

4.1 0O0OO0OO

s000b0obcoboooobo 100 3.30unounooooa
Oob0FRO000FROOO0O00O0O0O0O0O0O0O0O00O0O0 30
gooooobooboooooooooooboodg 200000
1000o0o0oooooo0oooooxoooooooooon
gobooooooooobooboybzoooooooo X4YO
X+z0000000000O0O0O0OOO0 300000 200
oo0o0oooooooX+YyYoOooooooooooooo
oobooooooXxX+Y+ZzZ0OOoOOoooOoo

go40000000000000O000DOOOO0ONDO
goboooo1100o0000o0o00b0b0 xXooooooo
goooooooo s0000100000 X000 200
000 X+YOOOooooo

4.2 001
FOOOMOOF,OOOVOOOOOOOSOOoooooo

goo0o30obooooooooooboooooobooobooboosn

gboooooboooboooooooobooobooobooboooooboo

1001000000

L I [ v [ S ]
M [ - [453% | 21.9%
Vo[ 547% | - | 25.0%
S || 781% | 75.0% | -

020010000000000000000

M \% S
ooo | -2.333 | -1.444 | 3.778

gobooooobeODOOOOOOODOOOO4000
oooo20000000o0oooooooboodz2o0000
gsboouoboooooboooobooobooi10000

oo M, VO 43% 0000000MO VvoOooooo
MOODOOOOOOOOOOOO Obooboboooooboboo
OS>mM0O0S>vO0OoOOoooooooooooood
ooooooooobooooooobooooooooooboooo
gboboooobooooo 2000000000 O000b0O00
00000 Y(0.05) = 0.9700 Y (0.01) = 1.253 00 O 0O M-S
oov-sOoooooOoy(.ol)DooooooooooMd Fy
ooooO SOggooovorrp, 0000 SODOOO0O0O0O0O0O0d
01%000000000000000

4.3 OO 2
42000000000000000O0O0O0OOOOO
OO0 O000FRODODOOO0OOOCOOODOO 20000000
gooobo10000000o0ooooooooooooDooo
gsbboooooooboooobooboooobon
200000000C0000O0O0O0OOCO0OOOODOOOO
00000 8000000000 30000 M+S0O O
OooMOOOOOSO0OO0O00O0000 V4SO FpOOoovo
goooSsmoooooooooooOM+S>v+s5s000
goooooooooooooboooooooobooooooon
gobooooobooooooobooooboocoon

44 0O03

4300000000000 M+SO00FRO0O0F OO0
gooooboooooboo 2000b00000DbOO0bOOO
gooobooobooooooboobo 4300000000
ooo40000M+S>M+V4+S0O000000000O
ooooooooooooos%uooooooooono

4.5 004

420000000000000 SOOODOOOOOON
gooooooooooooooboooooooboooooo
000430000000000050000S8>N000

U3 002000000

[M+S]V+S]

M+ S - 53.1%
V+8 46.9% -




04003000000

[M+S|[M+V+S|

- 68.8%
31.2% -

M+ S
M+V+S

05004000000
N

I
68.8%
31.2% | -

e 005000000

[ s
S -
M+S

| M +S |
79.7%
20.3% -

00oo000o0o0oooUoOooo0s%Uio0ooooo
oo

4.6 0O0OS5
42000000000000000000DODO0O0OD4.3
ooooooo rpOD0O0DOOO0O0O0O0DOOOO0O00 200
gbooboooooooboboboboooooooOooDoan
4300000000000 60000S>M+S0000
gooooooooooooooobooobobooooooooon
000000000 o05%00000000000

5. 0Od0O

gooooooboobooooobooboooboooobooo
gboboooocooooooobooobooboobooooboooon
oo0oHMMOOOOOOOOOOODOOOOOOOOO0O0O
goooooooooooboooboobobooooooooon
gooooooooooboboobooogobooooooooo
goboooooooooobooobooooooooooooon
gooooooooooooocooooooooooooon
goooooooocoooobooboobOOobocboOoooooooon
goboboooooooooboooooooooooobooon
gooooooooooooooooooboooooooon
gooooooobob4.0000000000400000D0
gooooooooooooooooobooooooooooon
0000000000000o0o0oD0O000F 000000
gooooooooooooooooocoooooooooo
oooooooobOOoOoOOoboOooooooOoObDO0O00 FoO
gooooooooooobooboboboboogooooooo
gooooooooooobooooooooboooooooon
goooooooocoooboooooooooooooooon
oooooooOD FROOOOOOoOoooooooODOoOoOoo
gooooood

gooo

(1]

2]

(3]

(4]

(5]
(6]

[7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

Kazuhiko Iwata and Tetsunori Kobayashi. Expres-
sion of speaker’s intentions through sentence-final par-
ticle/intonation combinations in japanese conversational
speech synthesis. In Fighth ISCA Workshop on Speech Syn-
thesis, 2013.

Yu Maeno, Takashi Nose, Takao Kobayashi, Tomoki
Koriyama, Yusuke ljima, Hideharu Nakajima, Hideyuki
Mizuno, and Osamu Yoshioka. Prosodic variation en-
hancement using unsupervised context labeling for hmm-
based expressive speech synthesis. Speech Communication,
Vol. 57, pp. 144-154, 2014.

Shinya Fujie, Ishin Fukuoka, Asumi Mugita, Hiroaki
Takatsu, Yoshihiko Hayashi, and Tetsunori Kobayashi. A
spoken dialog system for coordinating information con-
sumption and exploration. In Proceedings of the 2016 ACM
on Conference on Human Information Interaction and Re-
trieval, CHIIR ’16, pp. 253-256, New York, NY, USA, 2016.
ACM.

0000,0000,0000,000,0000.0000 OO
000000000000000. 0000000 220000
Oooooo, 2016.

gooo.0ooooooooa. 1991.

00000,0000.000000000000000000
00000000000000000. 0000, Vol. 9, No. 1,
pp. 46-66, 2002.

Shinya Fujie, Yasushi Ejiri, Yosuke Matsusaka, Hideaki
Kikuchi, and Tetsunori Kobayashi. Recognition of para-
linguistic information and its application to spoken dialogue
system. In Automatic Speech Recognition and Understand-
ing, 2003. ASRU’03. 2003 IEEE Workshop on, pp. 231—
236. IEEE, 2003.

0ooo0o,0000,0000,000. 000000000
0/0000000000000O0000. 00b0ooooooo,
Vol. 21, pp. 1-8, 2006.

0000,0000.0000000000000000000
0. GITS, GITI 00O, Vol. 2008, pp. 134-139, 2008

Nick Campbell and Ya Li. Expressivity in interactive speech
synthesis; some paralinguistic and nonlinguistic issues of
speech prosody for conversational dialogue systems. In
Speech Prosody in Speech Synthesis: Modeling and genera-
tion of prosody for high quality and flexible speech synthesis,
pp- 97-107. Springer, 2015.

0000,0000,000000. 000000000000
00000O00. 000000000000 (SLP), Vol. 2009,
No. 23, pp. 1-8, 2009

00O00,0000,0000,000,0000. 00000
00000000000000000000000000. 00
00000 220000000000, 2016.

Heiga Zen, Takashi Nose, Junichi Yamagishi, Shinji Sako,
Takashi Masuko, Alan W Black, and Keiichi Tokuda. The
hmm-based speech synthesis system (hts) version 2.0. In
SSW, pp. 294-299. Citeseer, 2007.

0000. Vocoder 000000000000: 000000
000000 straight 100000. 0000000, Vol. 63,
No. 8, pp. 442-449, 2007.



