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Koichi HAMANOT, Nobuaki MINEMATSU'", and Keikichi HIROSE'

1 Graduate School of Frontier Sciences,
1T Graduate School of Information Science and Technology
7-3-1, Hongo, Bunkyo-ku, Tokyo 113-0033 Japan
E-mail: {{k-hamano,mine,hirose}@gavo.t.u-tokyo.ac.jp

Abstract Speech communication between humans transmits/receives many kinds of para- and/or non-linguistic
information as well as linguistic information. In this paper, automatic extraction of several kinds of the para- and/or
non-linguistic information from speech was investigated. Conventionally, the extraction was often examined with
prosodic features, however, only the segmental features were focused in this study. This is because a new method
of speech analysis was proposed with respect to the segmental features, where a speech event is characterized as a
structure composed of a set of distributions and the structure has completely no dimensions to represent static dis-
tortions such as age, gender, individuality, microphone, room acoustics, and so on. It was already reported that size
of the structure corresponds to articulatory efforts in speech production and, in this paper, relations between size
of the structure and para- and/or non-linguistic information were focused. Further, it was also examined whether
the structural distortions also had some indications on the para- and/or non-linguistic information in speech.

Key words para-linguistic & non-linguistic information, segmental features, acoustic universal structure, size of

the structure, structural distortion

gopooooobooooboboooboooooooboooooo

gobooooboooboobooooooooooboboOoooo

goboooobooooboooobooooboooooooo goboooooboooboboooboooooooboooooo
goooodoooooooboobobooooooooooooooo 0000 [lo@BjoooU0ooU0o0oooooooUDooooo

1. 04000

— 1 —



ogobooboogoooooooooooooooboboboo
gobooobooooboocoboobooobooooboooooobo
gbobooobooooooooboooooooboooooo
gobooooobooooobooobooooooboooooo
gobooooboooobooooboooooooboooooo
goboooobooooobooobooooooboooooo
O00U0O0000o0o0o0oOooUooUOooOoooO 4], B)o
gobooooboooooooooboooboooboooooo
goboooobooobooboooboooooooboooooo
goboooooboooooooboooooooboooooo
goboooooooboobooooooooooooobooooo
gobooooboooobooobooooooboooooboo
goboooobooooooooboooooooboooonooo
O0oo0oO0oO0o0oOo0oooooOoooOooeoooooo
Oo00o0ooooopoooobo «00”00000 schwa OO
gobooooboooobocoooboooooooboooooo
goboooooboooooooboooooooboooooo
gobooooobooooobocoooooooooboooooo
oobobooooooooobooboooooooboobooboo
gobooooboooooooboooooooboooooo
gooooooboooboboooboooooooboooooo
gbobooooooobooooooooooobooooo

2. J0obuoobooooobooooo

o0°"''00000000000000000000000
goboooobooooobooooboooooooboooooo
gobobooooooooboboboboboobo

BD(u,v)

= _1n/_ P,(z)Py(x)dx

1 <Zu+2v)1
2

_ o1 100, 430,/
- gﬂuv Mooy + 5 In ="+

R DSNEIDSNE:

pe 0 w00000000puw 0 uy—u, 00) 0u000
go0ooo0ooo0oooooooooooooooooooao
gooooooogggooooooooooooooooo
Oo0o0oo0o0ooo0ooo0o0ooo0oooooooooooooa
nO00000 ,Co00000000DOO00DOOO0DOOODOOO
O0d00nU00O000OO0O0OO0O0ODO0OO0OO0OOOOOO 1000

u €

01 50000000000

02 000O0O0oooooo

01 00000ooooooooobooooo

ooooo
o|oo oo ooo ooooo
ooo| oo oo oo ooo

g0oo|jooo0o0ooo|00obooo0o0|0bo00 000D

goooooooooooobooo -ob0 -00 .00 -oooo
gobooooboooboboooboooooooboooooo
googoooooooboobooobooboooboooooboo
ooooooooobocooooooooooooooooooon
ooooooboooooooboobooooooobooOooooo
goooo -booobcboboooooooooobobooDboo
gooooo -ooboooooooobooobo0ooDoooboo
OschwalOOOOO0O0O0O00O0O0O0O0OODOOODOOOO
gobooooobooobobooobooouooooboooooo
gobooooboooboboooboooooooboooooo
goboooooboooboooobooobooobooboooo

3. oobooobooobobouoobooogon

3.1 00004
gobobobooobobooobooooboboboboon
gbobobobooooooobooooo

3.1.1 JOOobOoboboboobodg
gi1goooooooooooobooooboobooboo
goboooooboooobobooooboooooooboooooo
gboboboboboooobobobooobobobo

3.1.2 J0OO0obOOobOOooOoooooobobobobon
goooooboboobboooooobbobobboooooobooo

gbobooooboooboooo2000000000000000 bbb boboobobooboobbobon
aoono gboboooooooboooooboo

0000 Az+0b0000C00C000DDOOOOOODOOOO oo . 0O0O000O0OO0000O00000000O0
2iboobbooooooooosbbDbObDOOOOOO0 g ooooooooon
ggoboooobbuoobbbooobboooboogbobo oo 000o0ooo0OoOoooOoOoooooon
oo0o0oo0oOooooo0ooAOOOOOOOOOOOO oo gobooooooooooooo

gobobobooboooobobooboooooobobooo oo . doobobooobdboboobbooooooo
gooo :

000000000000 0000000000000000 puoodoboooodn

00CD°*00gO0o0o000O0oooooooooopgn BO000: 00000000000000000000000
ooo go0ooooooobooooaoo

0010D00000000000000000000000O0O00000000 ooono . Dooboooooooooooo

gooboooOo0o0oobooOO0o0000b0O0O00000 Oogd
go20000000000000000000000O0C0O0COOOOOOO
goooooOo00ooooOO0OO0OO00O0bOO0OO0O0O0O0OOOOOOO00B

good

goboboboboooobbboboobobobo



o2 bODO0O0d
ooo 000000000000 /a/i/ufe/o/ 5 0
000000  16bit/16kHz
0 0000 1ms0D0000000 25 ms
ooooo 00000000 (102400)
0000000 000000000000 GMM

3.1.3 U0OO00OO00ooooooo
gboboooobooobooobooooyooobooooo
ooomoomooboo40000b0b0000DOODO
gboooboooocoooooboooo 2203000000000
goboooooooooooboo3bboooooo
0000 (DooUoUoooouooooon)
oo0oo0oo0/oo0ooO0oo0oooOooDOo/oooooooo
oodoo0/ooU0oo0oobo/Oo00/oooooo/ooo
goood

3.2 JOODOOOOO
goboodoooobooo20b0c00bo0o0ooocooboooo
OooOoOoOoOopooOoooOoOoOoOOOOOODOOO WardO
Oo0o0o0o0o0ooooooWwWandOODOOOOOOOOODODO
gooooboo 2000000000O0DOOOOOODOO
goboooooooooboooooooboobooooboooooo
o0do0oooooooOoooooo vQuUooooooooo
gbobooooboooooooboooooooboooooo
googoobooooooooboooboooobooooon 3.1
gobooobooooboooboooooooboooooo
3~600 3.1.10000000000000O0CCOOOOOO
gopooooooogoo~1000 3.1.2000000000
gobooobooooobooboooooobooboooboooobooboooo
l1i012000000000000000000000O0O00O0O
goboocoooboogoog

3.3 JbobOoboboobobooboooo
gobooobooobobooooocooooobooooobooo
goboooobooooboooboooooooboooooo
gobooobooooboooboooooooboOooooo
gooboooobooooobooboooboooooooboooooo
gobooobooooboooboooooooboOooooo
gooobooooooobooboooboooobobooooboooooo

os5 0 0 0O o6 0O g

o7 O0OO0AO o8 O g

o9 0 0O 0O 010 O 0
20
18
16 15.4
TRk
& 12 105 105
H 10
4 8
Z
4
2
“m % 5 B
® OB oB| Y
B X
011 00000 (00)
14
! 12.11
12 L
ﬁw%& 9 8, I
ﬁa 6.450.856.99 7 i
A4 6 i
zx ., I 1
2 I H
ol = g
2 k- B2 B R OE B 4 B B B B
*F H W O F F X BE A W — L B
» B mEF B B
L < Y A

012 DOOOO0O (0Oo0o)

goboooooboooobooboooobooouooooboooooo
goboooobooooboooboooooooboooooo
gobooooboooobooooboooooooboooooo
goboooooooooobobooooboooobooobboooonDo
goboooobooooboocoooboooooooboobooOoooo
goboooooboooobbooobooooooobobooooo
gobooooooboooooooboooooooobooooo
goboooobooobooooboooboobooboooo
gboboooobooooooooboobooooboooboobocoobooo
goboooobooooobboooboooooobobooooboo
goboooooooboobooobooooboobooooboooooo
oobooboboboboooogoooooooboboboon
gobooooboooooboooobooooooobooOoooo
gobooooooobooboooooooboobooooboobooooo
ooooooooooooobobooooooobooooobooo
oboboooooooboooooboooooboooooooon



14

"
& 12
+
e |
XIO
/ ||
gS
g 6 I
N
= 4 1
7
B2 |
&
0 -2 m e = B £ B B B B
Y EEERE F N
» B xR B3
L <Y

013 000oooooooboobooooooo

3.4 000000000

000000000000000000000000000
00000000000000000000000000000
000000000000005000000000 (/aiueo/)
00000000000000000000 50000000
00000000000000000000000000000
0000000000000 130000000000000
00000000000000000000000
oooo

5 bbooboodoooooooboooooooobooooobooo
4 OD0OO0OO0OOoOOobOOoOoOooOOoOoOOoOoOoboOoboo

J boooooooboooobooon

2 00oOoooooooooooboooooooooooboo
1 boooOocooooobooooooon

goboooobooooooooobooooboooboooooo
goooooooooooobooooboobooboOooboDbobooo
goooooooooboobooboooboboboooobo
gobooooooooooboososbboomooboOooooonooo
o9rsupoUoubooooooobooboooooboobooon
gobooooobooooooobboooooooboooooDooo
3.5 JUooboboboooboobog
goboboooooooobooo sooobooboobocooooboo
ooo sfggooooooooboooooooooooonooo
00000000 304000000000 [%U00001.0%0
goboocoobooooocooboooooooo -oboooobo
gooooooogooooboboooooooboooooooo
gobooooboooobocoooboooooooboooooo
goboooobooobooooboooboooobooo
3.6 J0OOO0OOOOOOOOO
g20000000000Db0000O00DOO0ODDODOO
gobooobooooboooboooooooboooooo
o0 [Mobo00oo00obDO00oooOooooooooooo
gbobooooboooooooboooooooboooonoo
goboooobooooo20b000000bO0o0obbooooboo
0 igiooooooooobooooooboboono
ooboooobo20000000000000000 0.8820
gobooooooobobogos4ooooboooooo

03 0D0O0O0O0ODb0O0O

0O0|0o|ooo|oo|oo|oo|oo|oo|oo|oo|oo|oo
oo | - |0.0] 0.0 |0.0/0.0[/0.0/0.0|0.0[0.0|0.0|0.0|0.0
oo | -|- | 0.0 |0.0/0.0/0.0[/0.3|0.8[0.5/0.0/0.0/0.0
ooof - | - - |0.0|1.5|0.0(55.8/55.2/95.0| 0.0 | 0.0 | 0.0
oo | - | - - - 10.3]/0.0/0.1|0.3|0.830.8/43.9(24.3
oo | - | - - - | - |0.0|36]|6.3|154|0.4|0.2|0.4
oo | - | - - - | - |- lo0|0.1]|0.2(23.6|/0.5|45.3
oo | - | - - -l -] -] - |90.9]|74.3/0.1|0.1]0.1
oo | - | - - -l -1 -1|-1-le95/0.2]/0.2|0.2
oo | - | - - -y -1-|-1]-1]- |os6|0.6|0.5
oo | - | - - -l - - -] -1 - - |563][815
oo | - | - . S e e VL
oo | - | - - e

04 000D (OOO)

oo|oo|oo|oo|oo|oo|oo|oo|oo| o |oo|oo
ool o oo|ooloo|oo
oooo| - |o.1]0.6]/0.5/0.0[{0.0|/0.2|76.0| 3.8 |0.1(90.8|0.3
ooo | - | - [13.1]5.3|0.0/0.0/0.0|0.1| 1.1 |0.0|0.2|0.0
oo - | -1 - |90.6|0.0/0.0|/0.0]0.5(19.4|0.0| 1.3 |0.0
oo -|-1]-1]- |oo|o0.0|/0.0/0.4|184|0.0|1.2]|0.0
oo -y -1|-1]-1-1]73|0.0/0.0{0.0|0.0|0.0|0.0
oo -y-1|-1]-1-1-|00|0.0{0.0|0.0]|0.0|0.0
oo -l -1-1-1-1-1]+-o.3|0.0|16.6|0.3[65.6
oooo| - | - |- -1]-|-1]-1|-|28]|0.3|875/05
ooopof| - | -|-|-]-|-1]1-1|-1]+-1]o00|58]0.0
ooo | - | - - -|-1-1-1]-1]-1]~- o439
oooo| - | - |- -|-|-1--|-1]1-1]+-/los5
oo A e e

0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000

3.7 00000000000O0000O000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000000
00000000000000506000005000000
0000000000000000000000000000
00000000 /a/0000000000000000000
0600000000000000000000000000
00000000000000000000 /ue/00000
00000000000000000000 /ao/0 /e-o/0 O
000 /iu/D0000 /ai/0 /u-o/,0000000 /i-u/00
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000

3.8 00000000000O0000O0O0
000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000



20
18
16
14
12
10

|

PENEY - ¥

o N MO

B ERrRBERBRE
Bm®HHBHY Yy w
B X $ X

#*

BC
=G ik

B
NNl

=
4

L
&
PN

O

oo

I

014 2000000000000
B 4

B A
7

Z & ]
ES i -
h W

L < Y
015 20000000000000000

w %
& &

S
g
i I

=2

N A o ok
o N £ (=] o 8
C oG —

05 0O0O0O0O0O0OD00OO

goo|oo |ooo|oo|joo|0obo (00 jobo |00 |joo OO (oo

a-i 10.76{0.91| 0.86 |0.80]0.80|0.82{0.80|0.87(0.80|0.73/0.85|0.80

a-u(0.86/0.79 | 0.71 [0.64|0.68|0.69{0.53|0.48 [0.53|0.62]0.59|0.49

a-e|0.66|0.81| 0.78 |0.78/0.75/0.80|0.60| 0.60 |0.66|0.66|0.67|0.66

a-0]0.75/0.79| 0.71 |0.72]0.59|0.73(0.52| 0.53 [0.61|0.65|0.62|0.62

i-u [0.67/0.64 | 0.65 [0.62|0.64|0.59|0.80|/0.95(0.78]0.75|0.73|0.82

i-e |0.59]0.51| 0.57 |0.54|0.71]0.63|0.70| 0.64 |0.62(0.55|0.67(0.60

i-010.63|0.59 | 0.82 |0.83]0.76|0.78(0.84| 0.89 (0.90|0.83|0.82|0.85

u-e¢|0.59]0.64| 0.57 |0.51]0.61|0.57{0.74| 0.58 [0.59|0.57|0.62|0.58

u-0(0.76|0.62 | 0.63 [0.70|0.67|0.59{0.61|0.57[0.68]|0.79|0.68|0.72

e-0|0.66|/0.54| 0.64 |0.77]0.77|0.74{0.82| 0.72|0.79]0.82|0.75|0.79

06 ODODO0OOOOOOO
oo (0o (oo |00 |00 |00 o0 (oojob | b (o0 (OO
ooy o oojoojoo|oo
a-i]0.80(0.82]0.74]0.78]0.76|0.78|1.07|0.83|0.89(0.90| 0.98 | 0.80
a-u(0.67(0.57|0.64|0.54|0.66|0.57|0.49|0.67|0.48|0.57| 0.68 | 0.55
a-e|0.73(0.74|0.60|0.68|0.67|0.71| 0.81 |0.68|0.57(0.75| 0.59 | 0.96
a-0|0.63]0.60(0.54|0.64(0.65|0.55(0.49 [{0.70|0.55(0.47| 0.52 | 0.58
i-u0.76]0.74(0.76|0.71{0.70|0.68 | 0.66 {0.65|0.83(0.78|0.90|0.64
i-e [0.680.62(0.64|0.56|0.60|0.56|0.770.60(0.65|0.70| 0.50 | 0.61
i-010.77(0.86]0.88]0.95|0.80]0.91| 0.72|0.85|0.99(0.96| 0.75 |0.74
u-e¢|0.66)0.70(0.68|0.66(0.72|0.58 | 0.62 {0.58|0.59(0.57 | 0.67 | 0.62
u-0(0.60(0.60{0.72|0.72|0.65|0.72|0.44|0.75[0.60|0.52| 0.60 | 0.58
e-0]0.71{0.74]0.70]0.73|0.77]0.85| 0.70 |0.67|0.73|0.61| 0.60 | 0.81

0000000000000000000000000000
00000000000000000000000 MO NO
00000000000000000{P}0{Q,}000000

P1
ps Q2 Q1
P2 Qs
P3 Ps Q3 Q4

016 ODOOO0OO0OO0OO0OOOOOOOoOoOoOoo

(0D 1lp)ooOoooOopPOQULUODOOOOODOODOOO
gobooooboooboboooboooooooboooooo
oooooQooooOooooooooOoOoOoOoOoooooo
OO0 pOOOOOOCOOOCOODOOOOOOOOOOOODOO
oUooUoOoo0oo0oooo0ooooUoU fuooooUog
gobooooooooboboobo vo8suuonoo

5 > (BB - Q.G

goboooobooooboooboooooooboooooo
gobooooobooobooboooooouooooboooooo
gboooodoooobooboooboooooboco voooDo
gobooooooooooobooooonooboooobo
gbobooooboooboocoooooooooboooooo
oooooooooboboboobooobOobobOooobooDo
gobooooboooobooooboooooooboboboOoooo
gooooooooooobooooboobomoboooboo

07 00000 (OO)O0 1073

oo|oo|Doo|0o|joo|oo|joo|oo|0Do|oo|oo oo
oo - | 64| 64 73170 | 69 |111(125| 97 | 75 | 80 | 98
oo - - 59 84 | 89 | 69 | 128|134 |115|107| 96 | 116
ooo| - - - 371513191 |96 | 67|66 52|73
oo - - - - | 5136|9199 |59 |48 | 53| 62
oo - - - - - | 42 |64 | 8 | 55| 56 | 35 | 62
oo - - - - - - | 89 (104 71 | 70 | 65 | 77
oo - - - - - - - | 54 | 43| 40 | 28 | 17
oo - - - - - - - - |49 | 81|60 | 51
oo - - - - - - - - - |40 [ 28 | 17
oo - - - - - - - - - - | 45| 38
oo - - - - - - - - - - - |35
oo - - - - - - - - - - - -
08 OOOOO (OO)DO 10_3]
oo|oo|obo|joo|oofoo|0oofjoo|0oo | 0 |oojoo
oo, o oo |0o|oojoo
oooo) - 2312235 | 5 |40 | 77|19 | 63| 61 |60 | 45
ooo - - 19 | 26 | 24 | 20 | 59 | 20 | 48 | 43 | 44 | 34
oo - - - 17 [ 23129 | 57 | 19 | 48 | 47 | 44 | 31
oo - - - - | 37| 28 | 47 | 27 | 43 | 42 | 37 | 29
oo - - - - - | 39| 77|19 | 62 | 61 | 60 | 45
oo - - - - - - | 47130 | 32|28 |30 25
oo - - - - - - - | 66 | 36 | 37 | 38 | 42
ooooy - - - - - - - - |49 | 49 | 44 | 35
ooooy - - - - - - - - - 19 | 22 | 24
ooo - - - - - - - - - - | 21|31
ooooy - - - - - - - - - - - 129
0o - - - - - - - - - - - -




09 0DOoooO0O0O0O0OO0OO0O0OoooooObD
od oo oo (ooo
22.14 | 23.17 | 22.96 | 20.07

oobooooooooogboooouooobooooooooo
goooooobooooooooooooooboooooooo
goboboboooobooboboooooooooboooooboo
goboooooboooooooboooooboooboooonoo
o03.20000000000O0oO000bDOO0o0ooboOoOg
gobooooboooooboooboooooooboooooo
gobooooobooooboobooooboooooooboooooo
gobooooboooooooobooobooooboooooo
gobooooobooooooobboooobooooboooooDooo
3.9 U0OOoooooooooo
031300b0obooooooooooobooonoo
goboboooooooooobooboboobobooobooooo
good
3.9.1 0000
010 monophone 00000000 O0DODODOODODOO
020 cobOoooobo 2400000000000000
goboooooboooboooooooooobooooboooo
030 booooooboouoooooobooooooooo
gobooooooobogon
gobooopoooooobooobbooboooboooDboo
goooooboooo b Obobooooooo boooooobo
gooooboogooooobooboooobooobooooboooooo
gobooooboooobooooboooooooboooooo
goboooobooooooobooooooboooooboo
gobooooboooboooooooobooooboooboboooboooo
goboooooooooboooobooobobooooboobobooooo
gobooooboooobooooboooooooboooooo
oobooooooooo

4. O 0O O

gobooobooobooooboooobobooooooooo
gobooooboooooooboooooooboooooo
gobooooobooooobooooboooooooboooooo
goboboooboooboooooooobooooboooboooboooo
goboooooboooooooboooooooboooooo
gbobooooobooooooob 3.2000000000040
ogooooooooooooooboobooooooooboobooo
goboooobooooooooboooooooboooooo
gobooooboooooboooboooooooboooooo
goooocoooo s.2000 3.9b000booooooooa
gobooooboooobocooboooooooboooooo
goboooooboooooooooooooboooboooooo
obooooobooooocbooboooobOoboooooooon
goboooobooooooooboooooooboooooo
gobooobooooooooooooooboooooo
goboooooooooooooooboooobobobooooo

goboooooooooboooooobobooboooboooooo
gobooooboooooboooooboooooooboooooo
gobooooboooooboboooobooooooobooOoooo
goboooooboooooooboooobooobooooDooo
gbobooooboooooooooboooobooobooooooo
goboooooboooobobooobooooooobobooooo
gobooooboooboobooooboooooooboooOoooo
goboooooboooboboooobooboooooobobooooo
goboooobooobobooooboooooooboooooo
goboooooboooobbooobooooooboooooo
gobooooboooobooboooooooooobooOoooo
ooboboboboboooooooooooboooboboo
goboooooboooooboooobooooooobooOoooo
oobooobooooooooooboboooo

g g

[1] Oh-Wook, Kwon, Kwokleung.Chan, Jiucang, Hao, Te-
Wonl.Lee, “Emotion Recognition by Speech Signals,” Proc.
EUROSPEECH’03, pp.125-128, GENEVA, Switzerland,
Sep. 2003.

[2] Vladimir.Hozjan,Zdravko.Kacic, “Improved Emotion Recog-
nition with Large Set of Statistical Features,” Proc. EU-
ROSPEECH’03, pp.133-136, GENEVA, Switzerland, Sep.
2003.

[3] Sherif Yacoub, Steve Simske, Xiaofan Lin, John Burns,
“Recognition of Emotions in Interactive Voice Response
Systems,” Proc. EUROSPEECH’03, GENEVA, Switzer-
land, pp.729-732, Sep. 2003.

[4) ODOOO,“C00000000O00ODO0ODOUOODO0OOOOOO
ooooooooy 0pO00oOoOooOooOoooooo, SP2003-
179, Jan. 2004.

[} OOOO,000,0000,“0000000000O00OOO
go0oooooOoooooOoooOooy 0300000000
000000000oDoOooOoO, Feb. 2004. DOOOOO

[6) OO0O,0000,0000,“0000000000O00O0OO
ooooooooUooooy 0bO0o0ooOLOUoOO0O, Mar.
2004.000000

[7] ODOOO, “C00000000000O0ODO0UODO0OO0OOOO
oooooy 000000000000 DOOO, SP2003-181,
Jan. 2004.

[ OOOO,0000,0000,“0000000D00U0OOOOO
god0o0ooO0o0oOoooUoUooooooooooOoy 00OoOoO
00000000, Mar. 2004. 0O OOOO



