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(11— ¢p_1(n), if C(k—1)<n<C(k)
1, if n=C(k)
or(n) =< min(op(n — 1)), (3.13)
max(0, ox(n)), if Ck)<k<C(k+1)
L 0, otherwise,
oo
5. () — ) (0= 1)) -

lax — @]

3.42 0OU00O0OOOOOOLOOOOOO

MRIDOOOOOOOOOOOOOoOoOoooboooooooo1gboboboon
gboogbooboglbuooobubooobbobuooobuooboooboon
gboboggbodbbogbbogobuooobobuooogooboooboooboo
gbogbobodbogbobobuooboobbuodobboobobooboboobbon
gboog3dpouogooobugbooogbogoboobos2ugooooboon
gboobodbbodgboooboouobbooboooboobbooboobbbon
gbobbuogoobbbooobboboogboooogooboan

7z = —(%)M te. (3.15)

15



Ck) 1 0(k+1)

g 32 2000000000000

16



08F
0.6F S
QA4F i
0.2F i o
: ;
0 20
1 T
08F o S
0.6F
QA4F i
0.2F i o o
00 2i0
time(ms)

U 33 ugbubuguodgboogbubodoogobobbboouobonooooogty
MRIDOOOOOOOOOOOO

17



el g0 000000000000 0100000000 ZO00000
X =¢ (3.16)

O0bdbcObb0obobboobobbobobobobooboboboobonoDo<oe<t
gogbobboboboobooboobobob MODbOobooboboobooooo 3.3
ooooobobooobbooooboobb00MRID OODOooooboooboobg
MO cO0D00OO0OOOOODOOOMRTDOODOOOOODOODO 3300000
gbobobuooogbobbuooooboboooon

3.5 Uubogogn

OO0D00D00DO0D00D0OO0O STRAIGHTO SFTROOOOODOOODOODOO MRTD
oboboogbooooboobobooboboooboobobooboobog M
gobogdgboogboodgbbodb cboobbuoobbuogbobooooboon
gbogbobodbuoobboobooobboobbobooboooboobbon
gbobbuoooobbbooobbn

3.5.1 OU0OO0ooogoog

ooooboooboboboobooboo 3150 MO cObOoO0obOoOobOoOoDbDOd
000000000000000000000000 (DO0O0)bo0o0ooooDoooo
(0000)000000000000OOoO00oOO0OODO0O0ODOOo0DOoOObOO
gboouogobogoboouobbuoouobboobbbboobboboboon
oooooooobboobo MO cOOO0ODOODODOOODODOODOOODO
gbogbobuodgbbodbuoouobboobbobbooooboooboobon
gobobuoooogn

gboboogogoboooan

e sampling 0 00 0 O 20Hz
e 1000 040ms

goboodddlms

FFT O 01024

e LSFOODOG60
gbobobuoogoobbuooooobooo

e DU OO:ODODDOOOODO

18



e JUUUOO:ODODODODOO

oodo 3403500000 3400 315000 MODOoOooOOoooDOoooboooDOd
ooooooobobobooboboob0 Mobobobooobobooobooo
gogobbobbbbbbbbbbboutddddooiooooooooooooon
goobodboooggbbooboobbooboobboobooobooboban
0000 mMOooooooooooooobobobobobobobobobobo
gobobboooggoobobodgd 3500 315000 c0bbuogoouooon
gboboobobuoguoboooboobbuoobbboooboboobboobbon
gboboogobbbogobbogobbboooobbooooobboooobood
gbogbobodbboboboobbooboobobuooobuooboooobbon
gbouogobodgbodbboobdugboogbboobobobboobooooban
gboogbobbod cbuogbobuoodobbobbuodobbuoobbuoobobobon
ooobobobooobobobooobobuobDoob MO cOObDOODOODODO
ooooobodd mMoobooobooobooboboobooboboobog ed
gbobobuoogobbbooobboboogobbbuooobobobod

3.5.2 0O0OOO

gboudbogobbodgbuodgbogbboobuogboobbogbobodoboo
gbobogodbbobogbooobuogoboobboboobuoooboobobon
gboobodgbboobooobuboobooobobobobobuooboboobobon
00000000000 00000000000 0000000000OOoODO0O0O0
goboooog

3.5.3 UO0OOOoooon

000000000000 ATROODOOOOOO CooooOoOoo (350

HEN

gobubbl1goboboobouobboobouoboobbouoboobobd
STRAIGHT O MRTDOOUODOUOOODOODOO SFTROODODODOODOODOODODODOO
gbbbuooogbbbuoooobbbboooooobooo

e sampling 0 00 O O 20Hz
e 1000 O40ms

o JUUUOOUU Ims

19



e F'F'T' 0 J1024
e LSFOODOG60

gbooodgbo 2000 200000bb00g8bbooobooboooosboboon
00000000 (1:bad, 2:poor, 3:fair, 4:good, 5:excellent) D 00000000000

SFTROOODOOODOOOOUODO |UbO0obOobooooooooboboboo
2.208 3.925

O 3.1: MOSOODOODO

gbouogobbooobobuogbbodbouoobbuoobbooboooooobbad
gbbogdbboobbuoobbuodoboboobuoobboobobooobooobg
gbobogobodgogbubooboobboobboobboobooobooboboan
gbobbuoodgobood

3.6 0UUO

gbuodgbboobodgbboobuobbouoobboooboobbooobbod
gboboggbuogobuogbooogbuobooobuoobobboobbooboon
gbbooodgbooobuoobobogbuoobbodobuooobooboooobbon
gboboboogobbbooobbobooooboo

20



5.6 , , ; ; before modification
- — — after modification

VT

0 200 400 600 800 1000 1200 1400 1600 1800

InFO

time(ms)
0.4 , : : : + — before modification
- — — after modification
0.3
(]
©
=
= 0.2r .
€
<
0.1f i

O Il Il Il 1 1 Il
0 200 400 600 800 1000 1200 1400 1600 1800

time(ms)

U 34 000000gbobooouobobbuoobobooooboobobboooon
gbugbobodbuodbboobuouoobbooboobobobbooboooban
gobooo

21



before modification
- — — after modification

o
LL A, i
£
5 .
0O 200 400 600 800 1000 1200 1400 1600 1800 2000
time(ms)
0.4 , : : : ; —— before modification
- — — after modification
0.3} R
(<] ’\
2 ‘
=
= 0.2} §
IS
< ‘
0.1t , §
\ S oahf '\’\‘

0 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time(ms)

g 35 bbbugggbbobuooogbbbouoobbboooobbbbooon
gbobbuooggbbobuooouobobooooboboooobobboooooobooo

22



40 OO

4.1 OO

gb.-gbobggbobdgboboogbbuoggbbooobbooobboobuoon
0000000000 -000000000000000000D00 Kruskal»OOO (SPSS
13.0 for Windows) 000000000000 (MDS)ODOOOOOOO

4.2 OJ0O0O0OOOOOOOOO

OO0O0000b0o0ob0o0bOo0obO0o ATROOODOODOOOD CcooooboOoooo
gbbbuoodgobbbogo2buooobbbooobobboooobbbooon
godbbodbbooogbobuobuogboooobobuoooboobbooboon
ooobobobobobobobobobobooob4b0b0obbo0obobonbog
gobobuooogobobuooooobooo

gbuogobodbbodgbibbuoogbobuoobbuoboobboobuoobobood
gboboboooogon

e sampling 00 00 0 O 20Hz
e 1000 O40ms

gboboudddlms

FFT O 01024

LSFO DO O60

4.3 UO0OO0OOOOOOOOOOO0O0OO0OO0

gbudbboobogbuogbbobobooboobbobbooboobbbad
OMDSOODOOOOOOOODOOoOOoOooOoOoboobboobobooboooon DISTep
OO0O0O0oOgLSyFO LpCOOOOLPCOODO LPCOOOOODOOOODOODOODOODO

23



0000000000 (CDh,) 0000000000 Koooooooooo

CDk = \/ Zz 1 zk _Szk (41)

DISTcp = }EE:kﬂCDk (4.2)

0000p00000000D0 (600)0 s,s%0 k0000000000000 x00
0yO0OODOOODOOOOO

00000000000000000000000000000 DIST,0DISTyy 0
0000

K x
DIST, = \/ o o —p") (4.3)

K 2
DISTn = /) (M) — M) (4.4)

0000p"pY0002000y000000000 MM, 0000000000
0003150000000000.
000000000000000000000000000 DIST,00000

DIST, = (4~ 4)

9" = maz(g'?) — min(g")

5
6
gV = max(g(y)) _ mm(g(y)) 7
8

~—~ o~ —~
s e

)
)
)
)

¢ ¢¥OoDoooo0DO0O0000000000000000000000000000
0000000

0000000000000 DIST,0000000000000000000000
0000000 (O 4.9)0

K
DISTt = \/Zil(c(x) — C(y))2 (49)

¢w,000000003150000000000.

4.4 0O0O0O0OO

000000000 ATROODOOOOOOCOOOOOO 3500000410000

24



041: 000040000

gbbod | oodg (oobbbdodg

04SFA15 malel 134.83Hz
09SFA15 male2 106.83Hz
11SFA15 male3 162.21Hz
18SFA15 maled 143.89Hz

02SFA15 | femalel 259.11Hz

03SFA15 | female2 253.89Hz

06SFA15 | female3 246.47Hz

07SFA15 | femaled 270.42Hz

O 4.2: Stressd 0O

Stress StressO0 O 00O

20% 0000000 (poor)

10% | 0000000000 (fair)

5% 00000000 (good)

0.5% | 000000000 (excellent)

0% 000000 oo0 (perfect)

25




AjY-7"ngk

0.20=

015

0.10=

siress[%]

0.05—=

0.00=

I I I I
1 2 3 4

MNumber of dimension

O 4.1: 000 stressO 00O O

4.5 0O00O0OODOOO MDS)ODOOOOO

gobgdgbbuogobosbbuoggbobuogbobbooobbooobbooooboon
0000000000000000000000000000) 00000 (COooooo
000000000 000oo0oD)00000o0o0o000oooooO0ooooooooo
OO000oooboobooboobooooboobboobobooboooOooDo SPSS13.0 for
windows OO0 0O Krusal DO OO0 O00O0O00O0O0OOOO (MDS)ODOOOOOOOOO
gbobobbooooobbbooooooubbboooobbboooobbboog
Stress0 000000000 OOODODOOOODOOOODOOOODOOODOOODODOOO
0420 Stress 00000000000 [36]00 4200 Stress000 10%000000
gobooodg

26



4.5.1 00000000 MDSOO

goboboodoogoobobobuouoooobobbuooooobobobbooooon.
0000000000000 300003%0000 (04.3).300000000000
gogl2000ooobbodd -ggogoooobboodgd. boogoooooo
gbbboogobboooobobog.

4.5.2 000000 MDSOO

gobbooobbobobbbbbobboboobobooboobbbbobobooooooouooad
gbboggbbooobbobodbbboobuodbbbodbbUstress OO0
0020000000000000000M000000 15% 00000000000
440000 440000000000000O00DOOO0ODOODDODOODOODODOO
gbobogobodbuogobuoooboboobuooobooobooobuoooobooban
gobooodgg

453 00000000 (@EUODO)0 MDSOO

gbhbogdgbbugbobbodgobuooobboobbooboobbuoog4.s00
OO0stress 00 0000200000000000000005%000000 4%0000
googobubogbogobuoguobogbbobooobuooobouooooboon
gbobbuooobbbuoooobbboooobon.

454 0000O0O0OOOOOODOOOMDSOO

gbooooobobobbbboboboboobobooooooooooogooooood
0460000stress00000020000000000000000 5% 000000
2%000000000000000000000000D0DOODO0000ODOOOOO
goo

4.5.5 0O0OOO MDSOO

gbobbooobbobobbbbbobbobobobbobobbbbobobooooououuooan
4rdgobboboooooguobobboooobobboooobobboooobbobooan
0000000000000000000000000000000 Qoooooog
goobodgoobodgbbooboobboobobobbogboooboobobon
gooobbobbbbbbbbbotbobodddddooiooooooooooooon
gbooggbobogobobooobboodobbooobbooobuooo 430000

27



4300000000000 00DO0O0O0DOODOODO0ObO0bOoObOobOOOoDLOn
gbobogobodbboobobodbuoobboobooobuogobooobooon
gbboggbbuoogbbuooobbuooobooouoooobboobooo -go
gouogobodgbuodbboobuoobogbboobbobobboobooooon
gbugbobodbuodbboobduoboobbooboobboobuooboogan
gbobogboobbodbbogbobobbuoobboobbuoobobbooboon
ooobobooobooboboobob440000Db0ODbODbOO0ODODODODODO
gboboobooooggn

4.5.6 00O

gbboodgbogbbuoobboo3ggbbuobobboobbooobboad
0000000000000 000000O0000O0)boo00 (Doooboooooo
000000000000 0)ooooooooooooOOoOooOoOooOOoOooooooo
OO0O00o0obO0o0ooobOooboobOoooOoboooboooooboooMDSOOOOO
gboogboubbodgbobbuoobbuoobbuoobbobooobobboboon
goouogboboogobobooobbobbooobuooobobooobboboo -gon
gboouogbboodgbbooobbuoobooobboooboo -ooobboon
gbobogobodbuogooouboogobuoobboobogboooboobobon
gbooobobodbuoobboobobodobuoobbooboooboboobbon
goboggbobogobbuoooboobbuogbbooo -bogbbooobboon
gbobobuoogogsbbooogbbobogo

28



U43: 000040000
ggooo |bod (ugoggb

04SFA15 HEN 180ms

09SFA15 HEN 122.5ms

11SFA15 0o 95ms
18SFA15 0o 105ms
02SFA15 0o 160ms
03SFA15 00 190ms
06SFA15 0o 160ms
07SFA15 0o 225ms

U 44:. 00000000000000000040

gogoo obog (googo
04SFA15 0o 212ms
09SFA15 00 403ms
11SFA15 0o 328ms
18SFA15 0o 175ms
02SFA15 0o 323ms
03SFA15 0o 249ms
06SFA15 00 384ms
07SFA15 00 295ms

29



1G9} FRERET M

042: 00000000 300)0000

30




-5} FEEEET N

]
10— male3
fernaled
05— 4
Fa
fermale
E_E 00— male2
JL malel O
b (9]
femnale2 & &M
05— female3
-1.0 = maled
I 1 | | |
3 -2 1 [i] 1 2
b/ T

043 00000000 @B0O000001000200)0000

31



CEl

-0.2=

04—

-0.6=

06—

0.4=

0.2

00

1-4Ys 4 FEEEET N

famalal

female2
ay

fernale3

male3

male1

male2
o

Fa¥
fernaled

A Fay

maled

d

U 4.4:

b/ ST

goobooogooo

32




CHIM

A-§Ys b FEEEET N

0.15—
o
male2
0.10—
fermnale1
0.05 =
maled
0.00 éﬁ‘m'“" o riales
O
005 — female3 maled
fernaled
-0.10=
I I I
-1 0 1 3
b/ ST

U 45 000goobooooogn

33




CHI¥

1-fYg b EEEET N

010—
o] male2
fermalet malel
2O O
0.05— fermale2
fernalep
0.00
-0.05—
male3 maled
9]
-0.10=—
femaled
Fa
-015—=
I I I I
-2 1 0 1 2
b/ T

046 00000 obooooooobouoooon

34




CEl

-0.2—

04—

1-HYg b FREEET N

08—

06—

04—

0.2—

00

fernale3
Fa

mala1

femalel

fa

farmale2
Y

male2

fernaled
Fa

maled

male3

U477 000000000

35




50 UUooududdonnnnnn
HRERERERERN

5.1 0O0O

gbhbuogoboboobbuogbuooboboooboobobooobooooboog
gbogbobuodgbbodbuoobboobbooboobbuoobboodgbuoobobo
gboobooogn

5.2 0O0OO

b 1ogdgboouaoboogobbuoodbb -obbuooobboogobbao
gboboboogobobuoguobboogobobbuooobbuoogboooag -0baf
gboboboodgobood

5.3 U

sugbbougbbbodgbbuobuoogbbuooobooobuoobboogobn

gb400boodgobuogoobooobboobbuoogbuooobbooooboobgao
gbobboggobodbboboboobbooboobbodgbooboboobbon
goboggbbogobbuoooboobob -bbuooobooobbooobboon
gbogbobodbboboboobboobbbooobbodgbooboboobbon
gbobogodbbogbooobuoguobuogbboobobooboooboobobon
gbogbobuodgbbobuooboooboobbuoobboobuooboboobbon
goboogobbogoo -bougobboooobooboogoobn -bbboon
gbuogbobodbuodbboobuoboobbooboobboobuoobobon
gbobogobuogobgobbooboooobboobbooobooboboobobon
gbogbbobouooobbuoobbuoobouobuoobbuoogbobobuoooboon
gboboggbugobuogobodbobboobooobobboobbooboon
gbobodbboobuooobuooboboooboobbuoobooobobbon
goobuoogobood

36



5.3.1 0OOOOO

OO0O000DO0000bO0 ATROODODODOODOO COObOoOooOoobooboooo
gboobobooboobooboobobbobooboobuoobuobb4000
g4000000gboboodag

54 O0O10000O0

gb1l1oggboboggooboogbobbod -ggbobbooobobbooobbao
gbbogbodgbbuogdgbbuooobbuooobbbobogil1goboogoobbgao
0000000000000000000000 (b0O0)0b0o0oDooooooooo
gbogbobodbbobboobbooboobbuoobobuooboogbaban
gboboggboboogbb4bbobuooobbuoooboogoubobogooogao
gbobbuoodgobood

54.1 0OU00OOOOOOOOOOO

gboogdgbodu-bogbboogbobuogobboobooobbooobboon
gbbooggobuogobobuoobbuoobobboobbooboooboboon
0000000000000 0000000oooo0o0o0O (0510

e AV+FOM):0D000D00O0O0OODOODOODOO

e AV+FO(F):000D0D0ODOOODODOOODOODO

AV+SP(M): 000000000 ODODOOOOO

AV+SP(F):000000000000O0OOOO

AV+Ga(M):000000000000

AV+Ga(F):000000000000

542 0ODUOOOOOOOOOOO

gboogdgbodu-bogbboogbobuogobboobooobbooobboon
Oo0o000o0opooo00oUoooooO0U00 (boo0Uo0)oboooUoOooDoooOgo
goooboobbobobobbobbbboooooooduouoooooooooon
00000000000000000000000000000000000 (0O 5.2)0

37



e
BE - FEORFSE
ERI/NNSA—EE
fth9s %

T E AR FE IR
FO

ARTRILEFHE
SP

5= =z

051:0010000000((@CO0O0)

e AV4DSP(M):000D0OO0DOOOOOOOOOODO

e AV4DSP(F):0000000O0DO0O0ODOODOOOO

e AV+DFO(M):0D0CODOUOO00ODOODDOODOOO

e AVH+DFO(F):0000000DODDOOODOOOOO

e AV+DUM):0 00000000000

e AV+DU(F):000000000000

e AV+G(M):0D0D0OD0O00D00O

e AV+G(F):0ODOO00DO

543 U0OOOO

e 000000 0LULLULULOULOODLDLDLOD -O0000UUULOUbLDbUOOU
gobogbogbobbooboobobobboboobbobbobobaobod
gboboogbboodgobbooggobbooobboooobobooooooa

38



BE-ZEOEBMFEE

ERI/INSA—2FE
Fthod 5

052 0010000000 ((@WO0O0O)

gboboogobobogooboggobboogoboooobobooooooa
010030000000000000D0 (-(10bol3)00ooooo0oooooo
gboogobobuoobbgbbodgbogbbooboobooobuooboonn

oooo“.cobbooboboooboooboooboro=2.000booobobogooboog
00’0¢“.00000000000000O0O0”0“.000000(DOoODOOO
000)y0“1.000000000000000070%“2.00000000000
ooo70«3.000b00booooooobogooo"orooogon.

OO000O00bO0O0b0bO0oobooobo0oooob ADODDoDOoboOOooo BOOO
A0 BOODODOOOOOOODODODOOOOOOO7O0ODOOOODOOODOO
gobooodgd

544 0O0OOOO

0000000000000 222500000070 (0070)000000000O0
gbobbuoogobboboogooo

39



5.4.5 0OO0OOO

gbobouggobboboooduo suggguo 20bbooooooboooad
gobbblououoooggobbbbuouuooooobbobb210bbbobOog 5.3
gobobuoogooboon

answer

gs3: 00000an

54.6 0000

O00000000000000000000000D0000000 (Sennheiser HDA200)
OoboooooboobooogoopCcOobbobobooboboboobobbobooDbOoon
gbobogobodbbgugbbogbuoobbuoobooobuogobooobuoonn
gbb21000b000000b0b0o04an

40



g s5.1: 0000
OO0 pC

00000000 | STAX SRM-1/MK-2

ooooo Sennheiser HDA200

5.5 [0O0O

gobobbbbuouooooogbbbbbbooooobobbbboboobodad s2000d
gboodbbuogobbogbbgglibbuoguboooobbooobbuoonn 54
gbbodgbbooobboobbbuo-ooobbbouogbbuooobobbao
gboogbobubodgbouoooboobbuoobbbooobuoobbuoooobbon
gogooobbobbbbbbobbbbbddddododooooooooooon
gog

5.5.1 UOUOOOOOOOOO

001000000000000000000000000000000000000
0000000D000000000000000 (AV+Fo(M)000000 1.62000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00 (AV+F0(F))0000000000-1.390000000000000000000
000000000000000000000000000000000000000
Doooooo

000000000000000000000000000 (AV+SP(M))00000
01560000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000 (AV4SP(F)00000-1.520000000000000000000000
00000000000

0000000000 (AV4Ga(M))000 (AV+Ga(F)) 0000000000000
0000-0.0250-000400000000000000000000000000000
0000000000000000000000000000100000000-00
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000 -0000000000000000001000000000000
0000000000000000000000000000000000000000

41



0 s52:. 001000000
AV 0.033

AV+FOM) | 1.62

AV4+FO(F) | -1.39

-1.52

AV+SP(M) | 1.56
)

-0.025

AV+Ga(F) | -0.004

AV+DSP(M) | -0.012

AV+DSP(F) | 0.012

AV4DFO(M) | -0.25

AV4+DFO(F) | 0.071

AV+DU(M) | 0.037

AV4DU(F) | -0.13

AV+G(M) | 0.16

AV+G(F) | -0.067

42



AV+SP(F) |AV+FO(F)| AV+Ga(M) |AV+Ga(F) AV+SP(M) |AV+FO(M)

-1.52 -1.39 -0.025 -0.004 0. 033 1.56 1.62
-2 -
AV AV AV AV AV AV AV AV AV
+DFO(M) |+DU(F) [+G(F)| +DSP(M) #DSP(F) ‘(= [+DU(M) +DFO(F) |+G(M)
-0.25 -0.13 | -0.067 -0.012 0.012 : 0.037 0.071 0.16
femal\ \\\ // male
-0.3 0.3

Us4: 00 10000gobbboooooobooooboboboooobobobooon

gb1oogobbbooobbooouub -gobboooobbooobboon
gbobbuoooobbbooobobbboodgboboo

5.5.2 UUOOOOOOOOOO

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000100000000 (AV4DSP(M)) 000 (AV4+DSP(F))
0000000000000000000000000000000000000000
0000-0.0120 00120 000000000000000000-000000000
0000000000000000000000000000
0000000000 AV+S(M) 0 AV4+S(F)0 0000000000000 0-0.009
00.024000000000-000000000000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000AV+DU(M)O AV4+DU(F)

43



oooboboobooboboobobgoboooyrobooboobobuonbbobd
gobobuoggogoo-o13ggbbobouogaon
gobobobboboboobbobobobbooobououuuuuoooooooooooon
0000000000000 0000000000000000000 AV+DFo(M)O
AV4+DFO(F) 0000000000000 00000000000 AV+DFOM)D D000
goo-o200d0dobbobbogoogobobboooogobooboobuoooon
O0000000000000000 AV+DFo(F)OOODo0710O00OOOOOOOO
O000000000000000000000000000 AV+G(M)O AV4+G(F) O
000000000000000000000000 AV+G(M)OOOOO o0.16000
O0000000000000000000000000000000 AV+G(F)OOoOoOO
g-00670D00D00O0DODOODOODOO

5.6 U0 1000

gbuogbboobodgbooobuobbobbuoobooboobboobbod
goouogboboogobobooobbuoobug -ooobooobobooobboon
gboboogbboogbbuabbuooobbuoobbooobbuo -ooobboaoo
0000 Childers 0 Wu[l5|0 KalattO [16)|0 0 0000000000000 O0ODOOO
000000000 [15][16)]0000000000000 -0000000000000
NeuwyenO0OO [22] 0000000000000 0O0O0O00OOO0OOOOOOOOOOOO
gboboboooobobbbouooobbbodgilecotogobbbooogbb&uun
gobouogboggbobuodgboooboobbogbbuoooboo -bogobbuoon
gbobboogobbooon

gobuoggbobooggbboogbb -obbuooobbooobbooooooo
000000000000 0000000000000000000 [13]0 Zh([14]00
gbobogobodbuogoobobobboobuooobooobooooobooboban
gbouodgobod-ggbbuooobbuooobbuoobbooobbooobbodon
gobooo

gboboogdgbbugbboobbbobbooobbooobodo -ogobbodad
gbobogobodbbgoobbodbuoobbuoobooobuogbooobuooon
1g0bbougggbboboooobbobuooobobobbooobobb -oobobboo
gobbuogoobbobooon

gbobouooobb -ogbbbuooobbbouoooobbooooobobobo

googgbobuogoboo-bggobuogobbooobbooobbobbood
gboobogobogobuobbobooobuoobboobbuogboobooboon
goobbodgbbodbbolbbogoboobuoobobobooooboooobooon
U-oggdgbbboooobbbuoogbbbbooon

44



EHERFEIRKE
ARTHIILBENEZFEDRFHE
FOSP

BRI EAZXEFEDEFI(C
BRIFERT
BINSA—LE[TIT D

—EBEOAM i
EEELIFE EREmIET
DFO G DU

ZER Dt

FOZE{L+IBRAE FIF5 FOZEIL+5EEEMIX I

BRELIFASHEREMIET
DFO+DU

=EEDHM
FOZAL+EERE L (F B +EBREMILT
DFO+G+DU

gss5: 0020000000

5.7 UUO2000

gb2000d001bugggboogbobooobboobobooobboobg g
ooooboboooooo -obooooooboDb “bobooobooo"o«obgon
o'g“cob"oboob0bobooobobobooobobobobobobooobong
gogoobbbbbbbbbil1iddoddodoooooooooooooooon
gbobobh200000b000040o0bood

5.8 0O 20000

gb 200000000 5500000 0b000bbbboooobbbouoan
gboboogboboggbouogboboogbbuogbuooobbooboboooobobgnt
000000000000000000 (FOSP).
002000000 (FoSP)OOOOOOOODOO(DSP)ODOOOOOO (G)ooOoOO
00 (bu)00000000000000000000000000oO0ooDooooOoOO
0000000008000 D000DO0OOOoOoOoD (O 5.5).

45



5.8.1 0OOOOO

e OO DDODOOOOOOUULOUULOUOOUOLODLODLODDLDODLDDbODODbODLODLODOOO
gbobobooboboboobobbbbobobbobbbbbooooobbbbbbbboboo
gboboogoboodgobboobobbuooobboooobbooooooa
Ooo0o0oo0ooooOobOo0ooboOo0oOobooboOooo0oobDbooUAODOOO
0000000000001 0030BO000O0O0O0O0O0O0O0O0O0OO0O0OO (-1O
0-3)000000000000000000000000000000O00OO0
goboogogobobuoooon

NI I FRAC O BT 34 S 0 O
NI TERAC O TR S, i SW

3 2 1 0 -1 -2

|
w

gse6 0upbougooobooogobouooobrybboogn

OO000boo0o:0b0O0 K A000DOO0O0OobDoOOoOo’o«2AD0oDoogooooro
“.,A0000000DOOCOO”0“.000000 (DO0DDoOooOOoOO)YyD+«1.BOOO
ooooooogrg “2B00o0boobooorh <3.BOob0b0obooobooboorg
rgogoo.

46



0 s3: 002000000
No.1 | -0.42

No.2 | -0.23

No.3 | 0.48

No.4 | -0.57

No.5 | 0.45

No.6 | -0.39

No.7 | 0.28

No.8 | 0.40

5.8.2 HOOOOO

0000000000000 222500000040 (00 40)000000000O0O
gb1o0booggooo

5.8.3 UUOOO

gbhuogdboggbobbuogboguuuboo20bbogboogbooooog
gbobblgobbboboooobbbooobobbbooobbseugnbbn

5.84 U000

0000000000000 0000000000D0000000 (Sennheiser HDA200)
OOobO0o0o0ooboobooboooopCcObb0b0ObOO0bDObObDODObDbOODODOOO
gbobbuogggbbobuogoobobooooboboooobobbooooooboobo

5.9 U0O2000000

00000000057000.000000000000000000000000
00000 (FOSP)O0D0O000O000 (DFO)0000000 (G)0000000 (DU)O
00-0.400 -0.230 0.250 -0.45000000000. 0000000000000000
00000000000000 (DF04+G)0000000000000000 (DF0+DU)O

47



FOSP
FOSP FOSP 11 kosp | [ FOSP 1 rosp | |FOSPI | ipFo
FOSP | | +DF0 +DU +DF0
+DU +DF0 +G +DU
045 | |00 ]| DU b pos || Y6 g5 || YO | | 4g
' 028 || & 025 || %% ||0.28
/ / 0.32
05 0 05
— —

less female more female

057002000

0000000000000 (G+bU)0000.280 -0.280 0.26000000000.0
00000000000 (DF+DU4G)0 032000000000, 0000000 0OOd
gogooobbobbbbbbobbbbobbtbddododooooooooooon
gb.obogdbbuogdgbbooobbobuoobbuooobooobbooobboon
gbobogobuogobguoooboougbbuoobobuooobuoobboobobon
0000000000000000000000000 978|oooooooon
gbooggbuogobuogobuogbbobbuogbboobogboooboooboobn
goooboobbbbobbbbbbbboboboouououoduuouoooooooooon
goood.

48



log FO(Hz)

59 T T T T T T T T
before FO counter

— — — after FO counter

0 200 400 600 800 1000 1200 1400 1600 1800
time(ms)

5.2

Os58: 0000000000000 00DbO0OOFOOODOODO

49



el OUOUOOO

gbouogbbboobuodbuoobbob-bboobuooboobbobbooboon
gboogobodgbodgbbbogbuogbboobuoobobobboobooooan
gboooggbb.ogobuooobboobbobbooobooobboobboon
gbobogodboogbuogbbogbuoobobboobbogboooboobobon
gbobbuoogbbbuoooobbboooobon.

e JUUOOONO

gbbogoobbogobbuoodgbobbooobbuoobobboooboboo
gbogbgoogboobgbuogobooboboobboobuoobuoooboo
OOMRTDOODOODOOOODOOOOoOObOobOOoobOoooobuooooDo
gbobooggbbboogboboboooobbliogoobbooooboog
gbboodgobbuogobbuooobbbuooobbooobbooobobooo
gbboogobbuogobbuooobbbuooobboooobboobboo
OooooboooMRITDOODDOOODOOOODDODOOOOOoOoObOOOoOoDbDOon
gbboogobbuogobbuoobbbuooobbouooobbooobooo
OO0 MRITDOOODOOODODODOOODOOOOODOObOOOoOobObOOoOobDbOoO
goo

o IO OMN

gboboogobbuogoobbogobbooobbuooobbooobooa
Oobooobooooboog.MbsOOooooobo 1oobogooboooooo
goobbuodoooob -bbdoooooboobbboooooooboboobbogad
O00.0000000 [15)[16)]0000000000. 0000000000000
gboboogobobodgobbuogoobbooobouooobobooonoooa
gbogogb.ooggbuoobboboobuoobooob -buogboobobo
gbboogoobobooooboog.

o U ON

gboboogoboogobboogbbuooobbbuooobbuooobooo
gbob.gobobobbuoooobbbuoooobbbooooobobobood

20



gbbooodgbbbiluoobbbooobbbuoooobboooobboo
gboobbuogoooooobobbod -goobobbooooooobobooboboad
000000000.00000000000000U00O0 (DoDooooon)
gobobbbuodudd -ggoooobbbbobobbooougogog. g
gbboodgobbuogobuooobbbuoobboooobbooobooo
gboobbogog. bo20b0dgggooobooooooboobooboboad
gbboogobbuooobbobooobbooobboboobbbooobobo
gbobbogoobobogobbooonobuooobboooobbooooooo
goboo.

gobooodd

gbi1godg2000b00b -ogbbgbbobbooboobooboobon
gbboooobbbooobbbouboodgbbouooobbooooboboo
gbobodgobbboodogobobooobobbouoobbobuooobooa
gbobboooogbbobbooooobbobod. bbooooobbbood
gb-0bobddgoooobbbooooobbobbboooooooboboobood
g-ggdgbbboobbbuooobbbuoobboooobobooobobog.

o1



070 OO0

71 00000 00O000O0o0oogn

gbouogoobbbogboogbogoboboooobuooobuogbboobood
gogobbbbbbbobbbbbbtboduddddoooooooooooooooon
goboggbobogbboobbuoouobboobooobooobuonobooon
gbodbuogobuoggbboogbobuogboboobooobbuoooboobobon
gboboobobuogbbouoogboobbuoobboobbobobuoouonoobbbon
gboboggoboogbb.-bbbugoboobboogoboobbooobogao
gbogbobuogbbodboouoboboobbobbooboooboboobbon
googobooiligbooogbooboooobbuogbuogbbuogoooboooobooon
gboboogboogboboodgbuoobouoooobbuog2b000000boooboon
gouogobogbodbbbogbuogbboobuooboobbuoobooooban
gbobogbuoobbuogugobogoboobbuoobbooboboooboogobg
gbooolgob200040bb -gobbboobobbbooobbobuooobbooon
gbogbobuodgbbodbbobouooboobbboobbooobuooboboobobon
gboogobuodgbogobooobuogbbuooboooogbuogoboobobon
gbobobuooggobboood.

7.2 0O00O0O0O0O

goboogoobod

e JOUUOUOLODLDDULOUODLDDDLDULOUODLDLDDULOOLDLDbOOOOLbUOUObLDO
gogoobbobobobobbbbobobbbotbdouoduuooooooobobbbobon
NeuwyenOODO [22]00000000000000000000000O00O0OO0O
gbboooogbbobooobobo

e APOOODO

0000000 (AP)D00D0OO0O0U00ooo0o0ooooooooDooooo
OO000oooOobooApPODOOODOOODOOO0ODOODOODODOOODOODOO
OoO0o00oDbDo0oooDoooOoOoDooOooO0oAPOODOOOODOOOODOD

02



e JUUOOONO

gbboogobbuooobbuooobobbuoobbbooobboodoboboo
gboboogoobobogobbuoogobooobboooobbooooooa
gbboodgobbuogobbuooobbbouooobbuooobboooboboo
gobbuooogbbougoobobuoooobbobooon

e JOOUOUOOODLDDDOO

gb200000b0bbou0obbbuooobbbuooobbboooobobon
gboboogbboogoboboobobbuoogbboooobbooooooa
gboboooogogoboog.

23



L] [

gbouogbboobodgbooobuogbobobbooboobboobuoooban
gboobobuogbbodbbobobuoougbboobbboobboboobobon
googobuogbboobooobuooobuoobboobobuoooboobobon
gobuodgbobuogobugobogubboobbuoobbuoobbuoboboboobo
gooobbbbbbbboobototbodddduoodooooooooooooon
gbobogdgbuguogobuoougbooboobboobbooboooboooobooon
gb20000b0bbo00obbobuooobbboooobbbuoodgno

o4



[]

[1]
2]

3]

[10]
[11]

[12]

HRERE

00000000000000000000,” 000, 1-7-11, pp. 615-618, Oct 1993.

000000000 “O0b00bo0bboooboooboo,y00no0oooaa, S82-38,
Sep 1982.

000,0000,%0000000000000000000,7 00000000
00O, 2007, 1, 441-442 (2007).

Tatsuya Kitamura, Masato Akagi, Speaker individualities in speech spectral en-
velopes, Journal of the Acoustical Society of Japan(E), 16, 283-289 (1995).

goog,bod, “cbobobooobobooboobooobbooooy 0og
0, 2007-03

0000,“000000000000000000, 0000000000000
0 (00), 107, 282, 49-54 (2007).

David R.R.Smith, Jennifer M. Fellowes and Dalia S. Nagel,‘On the perception of
similarity among talkers,” Journal of the Acoustical Society of America,Vol.122,no.
6 pp3688-3696,2007.

Robert E. Remez, Thomas C. Walters and Roy D. Patterson, “Discrimination of
speaker sex and size when glottal-pulse rate and vocal-tract length are controlled,”
Journal of the Acoustical Society of America,Vol.122.no. 6 pp3628-3639,2007.

gooo,gbog, “cbobboboobooboobgo,obgag, 1999-03

oo0ooooboOo, “boboboobooboobooboooobooog,y oo, 3-Q-26,
pp. 601-602, Sep 2007.

oobo,000b,“cobbooboobobooboobooboboobobooooogon
gog,ooon, 1995-03

M.Akagi and T.Ienaga, “Speaker individualities in fundermental frequency contours
and its control,” J.Acoust.Soc.Jpn.(E)18,2(1997)

25



[13]

[14]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

000000000000000“000000000000000000,700
0, 3-8-9, pp. 389-390, Sep 1998.

W.Zhu, H. kasuya “Perceptual Contributions of Static and Dynamic Features of
Vocal Tract Characteristics to Talker Individuality ,” IEICE TRANSACTIONS on
Fundamentals of Electronics, Communications and Computer Sciences Vol.E81-A
No.2 pp.268-274

D.G.Childers and K.Wu,“Gender recognition from speech. partl:coarse analysis,”
Journal of the Acoustical Society of America,Vol.90,pp1828-1840,1991.

D.H.Klatt and L.C.Klatt, “Analysis, synthesis and perception of voice quality vari-
ations among female and male talkers ,” Journal of the Acoustical Society of Amer-
ica,Vol.87, no. 2, pp820-857,1990.

0000,0000,0000,0000,0000,000,0000 000000
00000000000000000000000000000000000,70
000, 2006-03

0000,0000,0000,0000,0000,000,0000 000000
0000000000000000000000000000000,” 0000,
2007-03

gooobdoo bobobobob oboobob obh,"booboboooboobon
OO0 (MtF)OOOOOO0OOO” 0000000000000 H-2003-16, Vol.33 (2)

gbbogoogbobbooobbouoobbuooobbuooobboobbobo
OO0 " D0OJAISTOD OO O Febluaryd 2001

o0oorooboooooooooooboooooooooooon " OJAIST
00000 Febluary 2004

B. P. Nguyen and M. Akagi, “Spectral Modification for Voice Gender Conversion
using Temporal Decomposition,” NCSP07, 2007.

P. Zolfaghari and T. Robinson,“ Formant analysis using mixtures of Gaussians, ”
Proc. of ICSLP, pp. 1229-1232, 1996.

P. Zolfaghari, S. Watanabe, A. Nakamura, and S. Katagiri, Bayesian modelling of
the speech spectrum using mixture of Gaussians,” Proc. of ICASSP, pp. 553-556,
2004.

0000, “00000000000000000000 STRAIGHT,” 00000
000000, 1-2-1, pp.189-192, 1997.

26



[26]

[27]

28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

H. Kawahara, I. Masuda-Katsuse and A. de Cheveigne “Restructuring speech rep-
resentations using a pitch-adaptive time-frequency smoothing and an instantaneous-
frequency-based FO extraction,” Possible role of a repetitive structure in sounds,
Speech Communication, 27, pp.187-207 (1999).

H. Kawahara, H. Katayose, A. de Cheveigne, R. D. Patterson, “Fixed Point Analysis
of Frequency to Instantaneous Frequency Mapping for Accurate Estimation of FO
and Periodicity ,” Proc. EUROSPEECH’99, Volume 6, Page 2781-2784 (1999).

H. Kawahara, A. de Cheveigne, H. Banno, T. Takahashi and T. Irino, “Nearly
Defect-free FO Trajectory Extraction for Expressive Speech Modifications based on
STRAIGHT,” Proc. Interspeech2005, Lisboa, pp.537-540, Sept. 2005.

P. C. Nguyen, and M. Akagi, “Improvement of the restricted temporal decompostion
method for line spectral frequency parameters,” Proceedings of the 27th IEEE In-
ternatinal Conference on Acoustics, Speech, and Signal Processing (ICASSP 2002),
Orlando, Florida, USA, pp. 265-268, May 2002. Vol.E86-D, No.3, pp.397-405, 2003.

P. C. Nguyen, T. Ochi, and M. Akagi, “Modifired restricted temporal decomposition
and its application to low bit rate speech cording,” IEICE Transactions on Informa-
tion and Systems,Vol.E86-D, No.3, pp.397-405, 2003.

P. C. Nguyen, M. Akagi and T.B.Ho,“Temporal decomposition: A promising ap-
proach to VQ-based speaker identification,” Proc. ICASSP, pp184-187, 2003.

gooo,"obooybooboobd,2o005

B. S. Atal, “Efficient coding of LPC parameters by temporal decomposition,” Pro-
ceedings of the IEEE International Conference on Acoustics,Speech and Signal Pro-
cessing(ICAASSP’83), pp.81-84, 1983.

A.C.R.Nandasena and M.Akagi, “Spectral stability based event localizing temporal
decomposition,” Proceedings of the IEEE International Conference on Acoustics,
Speech and Signal Processing(ICASSP’98), pp.957-969,1998.

M. Abe, Y. Sagisaka, T. Umeda, and H. Kuwabara, “Speech database user manual,”
ATR Technical Report, TR-I-0166, 1990.

gb ob,00 00,“0booboobooyboobon, 2000.

goob,00 b0,“00booboo”booognb, 1976.

27



Jooobon

1. T.ShibataldM.Akagi] ” A study on voice conversion method for synthesizing stimuli
to perform gender perception experiments of speech,” [
Proc. NCSP08,180-183, Gold Coast, Australia, March 2008(to be appear)d

2. 0000000000 700000000000000000000000000
oo, 0
00000000000000, SP-2007-206,117-122, March 2008(0 0 0 O )0

o8



