JAIST Repository
https://dspace.jaist.ac.jp/

Title goodooooooooooboboooooooo

Author(s) oo, 00

Citation

Issue Date 1997-03

Type Thesis or Dissertation

Text version aut hor

URL http://hdl.handle.net/ 10109/ 1039
Rights

Description Supervisor: oo 04, ooooooo o0

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



O o o 0

Joboooboooboooboobobooboooobood

oooo OO 00O O00d

ggbboooaobobobd
ggboogg boobooogon

oo oo

19970 20 140

Copyright © 1997 by MITSUNORI NkuMA CHI



O Oood O

goooooboobbbooobooobbooobooobobobobbbobn
gubuggbudgboobbobobuoobbooboobobobboobboobod
gbuogobobuoggobooboobbuoobiooobooobuaaobaoobobod
gobboogbbbobouobobobboogobbobooonobb

gbbogobodbodgboooobboobboobboboobboobuooboo
oboobobbobobobooboobooboboobbbobobobooobobo
gbuodgbobodbbobbobboobuooobuoobbobobboobbobbod
gboogobbodbogobuogoouooboobbooboooobbbuoooood
gbobuogbuogobobuobouogobuodgobuodboboooboboouooobod
oooooooboboooooboobobobobbbobobobobobobog
ooooboog

gogoougobooobbobbbbbobbbbbbboobbboobuuobago
gobboogbbuogbooobooobuoobobboobooboboooobobad
goobbooggbobbugobbbobooobbouoooooobogad

gooboobdobobobooobooboboooobobooboobobob
gbuogobuobboogdgbuooobuoboobboobobooobuooobod
gooooog



1 00og 1
1.1 000000 oo e 2
1.1 OO0O0 « oo e 2

1.1.2 00000000 .00 2

1.1.3 0O00obDooogn ... o 3

1.2 000000 ..o oo e 5
2 Dgoooboobobobobo 6
2.1 ODO0O0O0O0O0O0O000 .00 s e e 6
2.2 0000000000000 ..o 7
3 0Doooboon 8
3.1 ODO00O0000D0O0O0O0 oo s e e 8
2R I I I 1 8

3.1.2 0000000000000 o000 8

3.1.3 000000000 ..o 9

3.1.4 000000000 DOO0OOOnOnD oo oo oo s oo 11

3.2 Dbbbubobbuouooobobobobbboboodg e 18
3.2.1 000000000 00000 .00 oo oo s 18

3.2.2 0000000000 0O0O00O00O o000 oo 18

3.2.3 0000000000 ..o oo 18

3.2.4 U0 oo oo e 21

3.3 OO oo e 21



4 00OO0O00DOOO0
41 000000000000 .00 e e
S I 1
4.1.2 00000000 0O000000 .00 0oL
4.1.3 000000000 ooOooogn «oo oo oo oo
4.2 OO .o e

5 Ubooodo
5.1 OODODOU oo e
5.2 ODODODOUOOUOODOOOO ..o e d e e

5.3 UODODOUOO ..o e
5.4 ODODOD .« oo e
5.5 LD oo e

6 oo
6.1 ODOODOOOOOO0O oo e
6.2 OOODOO ..o s e

g

gooo

gboobod

i

22
22
22
22
23
24

25
25
25
25
31
32
33
38

40
40
41

42

43

45



Hi

/208 I 1 P

3.1 ODO00000O0000O0O oo e
32 0DO0000O000000O000DDO0O0 1kHz0000 500 0OO0OO 20

RUOOOO B B O. .00 o e
33 0DO0O0O00DOO0OO0O0O0OO0b0bO0 14 ODOO0D 2k O0O0O0O 4

KE 0000 8KE O ... ... s
B I I
35 Uobooboboob yccgoooobooboobooog ...
36 U000 @ °0D000000DbOo0ooonDg oo oo oo
S N I I I I I 0

51 0000000000000000000 ... ...t
52 00000000 /a/0. . oot
53 0000000000004 D0000000000000000. ...
54 0000000000004 00000000000000000. ...
55 0000000000004 00000000000000000. ...
56 00000000 bunri/ O ... oo
57 000000000000/ 00000000000O0O00000

58 000000000000/ 00000D000000O0O00000

59 000000000000/ 0O00O00D000O0O0O0O0O00000

50 000000000000000 .. ... ottt
511 0000000000000000 & . .. oottt
52 4/ 00000D0D00000000D0000000000 .. .......

1l



513 /bunri/ 000000000 OODOOOOOOODOOOOOO ....... 35
5.14 /a/ 00000000000 00000O0O0OOOO0DMIODODOOOOO

I I 36
5.15 /a/000000000000000O0OOCOO0OOOOO .. ... .. 36
5.16 /bunri /00000000000 00000000O0O0MO0OO0O0O

I I O 37

5.17 /bunri /00 000000000000 OOOOOOOOOO ....... 37

1v



Hi

5.1 OODOOOO ..o oo oo

5.2 DODOODLODOOOO SbOoOoUOOoOoOoOoOoOoO

5.3 bobuoooooboooono oo



1 [

HRERERE

gbbuogubbudgboodbuoobbobbooobboobuooobooboo
gbooboodgon
gdbbmodooboggbbbuooobbbuooobobbooobboooobogo
00000000000 Pythagoras 000000000000 OOOOOODO [1JODOO
Dmooboboobooboobobooboobobobobooboboooboobo
gbudgobuodbuogooboboboobboobuoobboobboobuoobobod
gboooboooon
gbdoobdogboboobooboboobbuoobobboooobooooboboo
goobdbobobooooooboboobobbooboobooobbobabo
gogbooobbobobbbbbbbbobtboboguuooouoobooooobooobn
gbobubooguoboobboobbdoboogbuogboboobboooboobn
gbooobogobobbogoobbuoooobooo
gbboboooobobobooboobobobobobboobobooboan
oboodobboobobooobboobbooobooobbooobooboooo
gbugobodgbboobbobooobbboooobboobuoobboobbod
000000000000 0O0000O00OU00O00UOO0DULDOOOUD (8RO
gubbogbboobuogouooobuooobbbobbodgbboobuoooobad
gbooboboobooboobon
gbooobboooobuobouooboobboobboobboobobobobdad
gbooboooobbbuoooobboooonon



1.1 000000

1.1.1 O0O0O0

000 reverberationD OO D000 0O0OO0OOOOOOOOOOODOODO

gbobogbbogobuoobogboubboobbooobobobobobboooba
0000000000000 000O0000O0000O000OO0O0ODOOOO0OD 2100
gbbuggbudgboobboobuoobuooboobboobobobbooboo
gbugoggbuodgobogbbobuoobboobboobbuoobboobbod
O0o00o00oooooo (50

O000000000000000000 W. C.Sabin (186801919) OOODOOOODO
ooobobobogsuuooogbobobobobobooboobobobobg
gobbobbbuougooouoboobbooduooooobbb 0 boooagn
OoodD -e0dBOODODODOOO0ODODOOOOOOOODODOOOOODODOD
gooboodgon

gboboboobobooooobooboboboboboboobobobab
gbobbobooboobbobobooboobooboobobbog

1.1.2 JOO00ooon

gbobbobubouogobouoobbuodgbbuooboogboogboooboooodgd
gboboboogbooboggobbbuooobbobbooobbbooogoooo

gboobobobobobobobobooboboobobobobobobob
000000000000000000000000000ooOoooooOOO [8oo
gobobogbbooobobibobobbodbboobooboboobbooabbbod
gbuoggobodbboobdbooobuooboooobboobuoooboobbon
oboobobn

gbbbogbodobobobboobboobooboobboobuooboboobooda
(0000000000000 0000000DO000D00O0ODOOO0D0DOOOOOO
gboboobobugobuogbobogbboobboboobobboooboobgd
000000000000 000oOoO0oo0ooOoOooOooO [Ujoooooooooo
gboobobobooogoobooboboobooboobobod



gbbgooobobobooooboboboobobbooboobob-0000
gugbooodobbbgobbbbbobobbtuotbgdooooooooooobboobbn
0000000 ¥o0o0ooUoo0oo0o0ooO0oUoOoULOOoOoUoOoUooOOd
00000000000000000000-0000000000000000 100 %
gbobgobbogoboobobbbdoobboobboboboboboobbobbobad
gooodooooboboboboboobobooobobobobobobobo
DoobooboboooobbbobbO 1.7secdb00DbODOOO0OUODOODO
00000-0000000000 lm0O0000000000O0O0OO 60% 00000
gon

1.1.3 OD0ooooogon

gbbbuodgboboboboobboobuobooooboobbuodgbbbodoboo
gbogobuodgboboobboobuobboduoooobuoonobooobobood
gobobogbbogbooboboobboobboobboobuobboobbooag
gobboodgobbbuooooboboodg

a. ggooo

gbooooooboboooobooooooboobooomoonD AllenD0 0 d
0000000000000 000O0oU00O0UoO0oUoOOoooOOO (120000
gbbogobboooooobboobuooboobuoobobuogboobbooo
oooooooboboboboboboboboboboobobbbobobobo
gbuogobuodgboobboobbobobodobbooobobobuoobboogboo
gboodgboodgbogbboobuooboobboobbboobobooboboobooo
gogaogooo
gbobbogboboboobboobuooboobuoobbuodgboobbooo
ooobdoboboboboobbooboboboobbooobboobobbobo
gbuogobuogbboobbobobobobboobbbbodbuoooobboood
gbobobodobobbooooboobboooobobooobbobooobboboon
gbooboodgbooougobodgbbuooboooobobogboboobuoooog
oboboooboobooboobobbobboboobn



b. JO0goonO

gboboooogbogbboobbobbuooobobooboobbooboboood
oboboooooooooooooboooboboboobuoobo AlendboobooO

gboobobbboboooooooobobobobobobbobobobob
OO000000000b00000b0b0b0bU00DbONgley O Alen OOOO0ODO
gugbobobobibobobbbboboobobououoodguuouooouoooooooooobn
00000 (3000000000000 00ooo0o0oooUooUooooOoUood
gbouoggobuodbboobooobuoobboobboobuoouooobuoooobad
O0000000000O00oOoOoOOO0OO Mo

O000OWarg O [b|O0OODO [ 0000000000000 ODOODOOOOOOO
gbooggobuodgboobboobbboobbuoooobbobobooboogooo
gboboobboboggbuogobobboobbobbbougoobooooboobod
gbouodgbobodbogoboobugbooobuoobboobuoobbbuooboo
gooodbobobobobobobobboboobobboboboboobaobg
gbhoooogbbuobogoobbboogbobbbuooooon

gbboobboogbboobuodgbouogboobbboobboobuoooodad
000000000000 0oOoOo0oOoOoOoOO00OOO00OOUUODOOoOoD [ OO
obobbooooboobboobgobobbooboobobobobbod



1.2 0OO0OOOO

gbobodobdoboboboboboobobobobobobobooboobon
gbuodgobodboouobbobobuoobboobooboobboobboobobad
gbobobbobobbbbuooobbuoooobboboooobbbooonoon

gbooboogbobogboboboboobboobuoobboobuogbbuoobooo
gobbodouoobuodgbooobuooboobbooobobboobuoooobod
oboboboboobooboobon

gbbbodgbbbobbobobuodbooobuoooboobooboboobboda
gbooggobubbooubibbooobbobobobobboobbooboobbod
goboboogobobogogd

gboobobobobbobobobobobobooboobbobobobob
gbgdoboboodbouoobbobobuobbboooooboobbbobbobbod
gbuooobogboboobbboggbouobbuogubodgbooooobobod
gboobooboobbobbobobobutdgduoouooooooboooooobn
goboboooobobooooonbn



] 2 [

Joodobdbooodd

21 UO0UObooouooood

gboboodob 2100b0bobdobboobuodboogbogbboobbooooa
goobobooboobogd

( Reverberant Environment)

@ sSource

Direct wave

Reflections

-} Reflections

Equally-spaced Linear Microphone Array

U210000000000000000000



gboobobdobobobobobobobobooboboboboobooboon
gbuougbudbooooboobuodgbboobuoobobuooboboobbbood
gbbbooobbbooouabbbooobbobobbooobbuooood

gbobobooogogoobod

e UODOODOOODOODODODODOOO
e HOUOODLODLOUOOOLODLDOULOOODLDLDDOUOODLDDOODO

e HUUUOOODLDODOOOODODLUOOODLD 18O DOUOOLDbODLOOOOO
gobogoon

e bbb bOoOoOobbOOo0ObbLbOoOo4Oubbooobbooon
gbobooooobbbuoogobobbouoooobobbooobboboaob

22 0O0O0OO0OO0OO0OOOoOooOobOoo

ggbodgbobooobbboooobbboooooboboboobbo

goobooobbobobbboogbbbooobbooobboobobbbod
gbogbogbdgbobbobogbobuoobobooboobobooobobooobooboo

gboobooboobbobobbobobbobboobobooboooobooboon
gbuogogbboobuobobodbuoooobboobooobooboobboo
gboboooboboon

gbbooboboobbooobboobuooboobooboboobbooboo
goboboogobboboooobon



1 304

Joobbon

3.1 UOO0oooobooonon

3.1.1 Ooudobooobooobgd

00000000000000000000000000O0OO0O0OoO [e)rfoooo
gbogbboboobbooobuooobuoobboobboobuooooobbobon
goooobbobobbbobobbbbutdooduodoooooooooooobo
gbooboooboboboooooobobobobobboobooobobabg
gbudobuogbboooobooobuoabbobbbooboooobbbbod
gbuogobuodbobogbboobouooboboobbbboodgbuooobuaoboad
goooood

gboobobgobboboooooobbboboboboobobbobobob
oooooobbobobobobooboboboboboboboboboboobo
gbbobooobbouooobboodoon

3.1.2 JUUonoogouoobn

gbobooobobboboobobooboboboboobobooobbobobn
gbuodgbboodgboobboobuobogobuoobbooobobobbodoboo
000000000 00o0O0o0oooUoooUoooU g o



0D0000000000000000000000000000000 ()0r(t)00
0000000 Wavelt 0000000000000000000000000000
0000000000000000000000000 ;0000000000000
0000 8(t) O

{L(t) = L(t —27)} — {ri(t) — ri(t — 27)}

5(t) = 21 — cos 2w;T)
gboboboodgon

goboboooo 2rs000dbboobbooobboobboogbboooooo
0000040 r() 00000 I(H0~() 00000000 0000000000
O0o00o00oO0oO0o0O0oD gy 00000000 ooooooDOooooO0ooOO
goboooo

O0000000000oo0o0oU0UooOoUooO310b0000 oooooO 4000
gbouoguogbuouboobooboboobboooobooobuoooboobbon

gboobogoboobdagd

(3.1)

3.1.3 UO0Ogooogno

ggboboodggbboobbbooobbbooobbbboobboooabobon

gboboboogboogoboobboogoboooboobouogbbbooood
gogoggbobobobbobobobbobbbobobbobbtbooouodguooouoooon
gooodbobooooboboboboobooboobobobobobobobo
gbbobogobbbdadgd

gbobbogboooboobboobuobobuouobboobogobbuooboo
0000000000000 0D0O00000000 z(t)0ae(t) 0000

xo(t) = @1 (t — 75) (3.2)

00000000000000 0 (1) 0 2(t) 0000000000000000
00000000000000000000000000000000¢(r) 0 z(t) O
0000000¢w(r)0 z(t) 0 z(t) 000000000000



$r12(t) = Elz(t) - 2ot + 7)]
= Elzy(t) z1(t +7— 7)]
= ¢ (17— T) (3:3)

000000000000 E)O000O0OOOO
000000000 ¢u(r) 0 7=000000000000033000 ¢(r) O
r=7,000000000000000000x(¢)0 2(t)00000000O0O0OOOO
oboobobdod - 0000000 000000000000
ggbooodgbbooboobbuoogobbbuodg rsgobbbboobbbo
gboboboogbbbboooobobbuooobobbbuooooobogd

gbbogggbuogbboobbodgobuooboobobbbobooouooboboooa
oboobobooboboboobobbobbo

gbbogobbobbodooubooobbobobobbboobuooobooboo
gbouodgboodbogboboboboobuogooboboboobbbobbobobad
gboboobogoboobobibboobouoobbuodoobuoooobbbobobobon
goooooobobobobobobobobobobobboboboboboonog
gbuougoogbboobbbuogobuogbbbbobboobobooogbbod
gobooooogon

gbobbogdboobooobuodgbuooobuoobboooboboboboboodad
gboboggbbugguobooobbobbbooobuoogbobogscuggbugg
gooodboboboooobooboboboobooobobobobobobobg
gbbbooobbbooboboboogbbbbouooboo

gbbooboobobogbuooobooboouoobooboboobbuooboo
gbouogbboodbogboboobudgbooobuoobboobuouoobuoobooo
obooboboooboobn

10



3.1.4 0JUUOOOLOOOOOO0OOOOOO0

gubogdbouoggobuogboudgbbogbbouobboobobooboooa
obobooboooboboboboboobooboobobbobn

1. 0000bo0boo0boobobobb0o0oUDWTO OO Wavele OO0 00
ODFIOODO Fourie 00000000 0O0OOOOOOODOODODOODOOODO

2. 00000000bobooobbooboboboooboobooo
. ugbbuooubbbuobobbbuoooobbbooobbbuooobbo

4. DgbOo0oobooboooobobobobooboobo

gogbodgbbogobobbooooboboooooboooon

0.000booobodb 12 OWave |l d@00000OO0O0OOO 1200000
OO0bO0oOoboboobobooboob0ooboboooboobobobooooboOn Wave 1 e t
gbobboogbbbboooobbbooobbbouoooon

oobdlr 2¢é .0 Wave | 0000000 0O0OO0O0OODOOODOOOOOODOOO
Wave | 00000000 0OOOO0OOOO0O0ODOODLOODOO0ODODOOOOOOOO
gbooboboogbooboboboboboboboboboobobobobobob
gboodgobbboobuodobobodbuoogbuouooggbogooooboboboo
oooooboobooobwrTooodo br'moooboobooboon

gogbbuoooboboobboooobbbooobobbbooobbbooooon
DFTOOO0ObOO0OO0O0ODLOOOUOO0OoboobOoboobobuoogLD 1280000
oboboobooboobobobooboobooboboobboboobod

g.0buogogbooobbobooobobuoogbboooobbbooonoboban
gbooodgogobboouoboogobbbooobbuoooobobooobobooboon

gobbobobobooooobobobooboboboboobobobobob
guougobogbboobboobbobboodoobbooobobooobobobon
051 23000000000 4 &Hz0O 1 0.ns Id000O0OO0OO 2 5ptIdd00
5 .ms 00000000 0ODO0O00O0O0O0O0O0O0O0O0O0O0O0O0DO hammildgOO
goboboogbboouobogobuoguuboooboooboooboobbodao g

11



0000000000 DO0DO0D0000DbD0O0O0 128 pts 256 pts 512 ptsd 1024 ptsO
2048 pts 000000 0O0OOOOD 1/2000001/4000001/80000000
000000 blackman O Obartlettd ODhaming O Dhanning OO0 O00O0O0O0O0 OO
OoobOooooobisooobooooooboboooooooooooobooog
0000000000000 0oooooooo0oooooooooooooDoOoon
00000000000 00D00D 1024pts000000000ODODOODOOODOOOOO

0000000000 bO00DbO0DO00DbO00O00DO0DO000DU0OoDODODbODO
000000000000 0000000000000bO000DOD00bOO0DOD0oO0oOoo0n
OO0oO0oooooooon

g.obobobbobbbbbb3. mbobobobbobobbbbbbdoodoooogo
U2rggbbboodgbbuooobbbooobbooobbbobbobbobbobao
gboobboogobbbobooobbooobbobbooood

gobobobboobbbboobboobobobouobbbbbooboobobooooog
obobobbobobooooboooob-0obob0obOobboobobobobboono
gbuogbbogbbbobbooboobboouoboobooboboobboood
gobobogbboobooboooobuoobobooobboobbooboobbod
goubgobuodobogbboobuobobuogboboogoougobuooobood
obooboboobooboobobbobb

g.0bodgggbouooobouooobbobuooobboooobbbooobbbaon
gboboboboboooooobobboooobbbobuoooobbobos. oo
gbooggbbobuodgboogobogobuogbbuoobboooobbbuoobobod
goobdbobooboboooooobobobobooobobbobobobo
gbboboodgbbbboogobbuooooobobooooboo

gogbodbooobbbooooboboooobbboooon

a. oogdoobbbdoooobbbooobobobooobobobooooobobooo
b. DODOOOOOOOO

c. yggoobooboogo oonboDn

12



gbogobobbba ODOO0OO0OOOO0DOODOOODOOOOOO0OOO0O0ODbO0OD
gbudgggbobobobodgboboobuobooooobboobboobooobod
gboogobuobbogobuogbouoobuooooobboobboooooobod
gbuooobuogbobooboobbobbobbuobboooobuoooboobobad
gboboboogbbobbodogoobbuoooboboooobboooonon

oo0Ob. OO0OO0OOO0ODOO0OODOODOO c.O0DO0O0ODOOODODOODOOODOO
gbougobboooobbuoooobbooobbuoooobbooobbbooo
gboboboodobblb ¢ OO0b0DbO0Oooobo obbooobbbobouoo

000000000000000000003.100000 aeto00oooooon
gbogbbogobostggoboobboobboboboooboobbooboboab
gbougoudgbogbbbbuodobbodobobbuoduooobuooobogobbon
0000000 HzO 6k 00 102% 0000000000000

oD ooooooobobobobobboooobobbobobbobobbogdao
gobbogobbuogbboboboobboobbobboobboobuoooobad
goobooboboooboboboboboooboobobbobobobobobo
gboobboodgbobbobouooobbuobodbbboooobooooooooobo

gboooboboobobobbooooboobboobboobboobuooooda
gboboboogbbooogobobobboogobobbouooooo

ggbobboboobobdbuoooobooboooobobbooobbboooo

0000 31 00000000000000000 «()000000000000 6
00000000000 ¢(¢) 000000000000000000000000000
0000000000000000000000 (6)0e¢:)0r(:) 0000

I(t) = «(t)+y(t—9)
ct) = a(t)+y(t) (3.4)
r(t) = z(t) +y(t+96)

000000000 0.000101 00000000000000000000000O0O0O0OOOO0OD0
gbooobOoboooobOoboooooboooooooooooo

13



. Source

Direct wave
x(t)

/ Reflected wave
V4

i

y(t)

d sing |, _
8 y(t) =a X(t +AT)
gl(t) Oem sgr(t)
H d H
Microphone Array
0300000000004

00000000000 0000000000 yt)OOOUOODOOODOOOOOOO
00000000 1/20000yt 00000 0 é00000O0OO0OODODOOODOO
000000 dmOO00 vysec OO0OO

26

goboboodoon

_ dsind

- [ sec]

(35)

000000t 02(t)0y() 0000000000000000 L(w)dR(w)IX(w)0

Y(w)0OODOOOO3.400

goon

(36)

0000000000000 »(+)00000000000000000 I(¢)0r(t) O
000000000000000000000 2()0000000000000000

14



0000K)0r(:) 00000 £r 000000000000

gy ={lt+7)=lt-7)}—{rt+7)—r(t—7)} (3.7)

0000 ¢g(+) 00000000 ¢¢) 000000000 G(w) O

G(w) = {L(w)e’™ = L{w)e 7} — { R(w)e™™ — R(w)e ™7} (3.8)

0000000000000 3600 LwUORw)OODDOODODOOOODO

G(w) = 4Y (w) sinwésinwr (3.9)

OOoo0o0oob0bobooo0obooboobo 200000000 00000O0O00ODOODO
gbbodbbuogbboogbbboobboobbuoobobodg 2700000000
O00000000002r=20000000000000 y)OOOOOOOOO
0000000000000 00oOo0oooooooooooog 9(t) O

G(w)

4sin® wr

IFFT l ] ., 4sinwr > 0.02

(1) = (3.10)

0, other wise

goboboodaon

gbobobobogswudobogbbuooouobboobbboobd2roobbab
gbobogboobobob3awgbouoogbboooubobobooobboobboon
gboouoggbboobboobobooooobbbbswbogbobboobboon
oboooobooobooobobobooobbooobooobbbooboo
gon

gubogobooobogboobobobbbobbooboobouooboboood
gbooggoobboggbougboobbbooboobboobboobuoobobod
gboboobbooogooboooboboobboogboogbboobboobg
o000 3200 33000 °0b000bo0obooboooboobooboobo
gbudgobuodggobodgboboobuouoobuodgbooobaoboodgboobad
gboboboogbmuoobobuooobobbboooboo

15



Directional Characteristics - 125Hz-1000Hz -
T T T

10}

15}

—20}

Energy Lebel [dB]

25}

—30}

35}

30deg. 60deg. 90deg.
—40 * I I |
0

10 15 20 25 30
Angle  (2*au = 14, Right 30degrees )

032 00000000000D0000O00DO0O 1kHz2O000D0 500 0000 250 K2 O
Ooo0d 125 B O

Directional Characteristics — 1000Hz-8000Hz —
T T T

N
5]
T

kN
15}
T

Energy Lebel [dB]
Y
S & S
T T T

|

w

a
T

30deg. 60deg. 90deg.
| | |

*

IS
S
o

10 15 20 25 30
Angle (2*au = 14, Right 30degrees )

O03.3:0000000000000000001kEODODO 2k 0000 4k 00O
00 8kl U

gbobooooobobobbooboobsoctbb2r=1M4ptsOD0O0O0O0ODOO0OO
gbuogobbodgbogobuooboobbuoobuoobboobboboboobbod
gbooboogbbobooooon

gbdguobugoooooboboobboogoob . imboobbogobod
00000000000 000 2s000000000000C000O0O0O0O0O00O00O0 27

16



00027 #200000000000000000 e(w)O000

sin? wr'
= 311
e(w) sittwr ( )
doopooogono 3200 3300000000 uooooobooggo
03.1100 270 4ptdd 000 30°00000000000000000 270 1028 pts

g 2°09°0b0b00b00b0ooboboboboboboobooooboboobobob

goooo 3.200 3.30000gbobooougbobogbobobogbboonobg
gboogoobbuodgbobboobuoobboobboobobuooobuoobobod
ooobdbobobobooooooboboboboboobbooobobabg
gbobobobdobbbboooobbbooobbbbuooobbuoooobobon

gbobobogbobooboobboobbooboobboobogobbuooboo
gboouoggbbooobodgbobogbuogobooboobbogboogobobad
gbouoggobuogoboobobooooooboobbooboooboobbbobod
Dooooboooobobooboobobobooobobobobobobobobobo
gubbodgboboboobboobbuoobbuooboobboooboobbod
gboboboogobobboogogoo

gbogobbooooouobooobooboboobboobboobuooooa
oodboboooobooogs. igogoboboooobobboboobobog
guobboodgoboon

17



3.2 UOO0UOOoOooooobobuobbououbobnboobn
HEN

3.2.1 0JOO0OO0O0OO0O0OO0OOOObOO0O

gbboobobogobobboobobboobbooobbobbboobobooboodad
gbobgobbogobobbooggbbogbbuoooboobboobboooonn
obobooboobgoo

gbbobbogobobbbuoobbobobbobboobboobboobooood
gboboobgbouguoogbboobuooobooboobboobobobboobooo
gbuooooobuoboogbuoogobooboboobbogbuoooboooobad
goooo

3.2.2 JUOOUoobobobooooboood

gboboooooobooooboboobobobooboobi12sHz0 6 kH2O0000000
gbouogogudbogobbbooobbobobbobboobboobuooobod
gboboogbobbogobbuooobbogobbobobodd: 100msectdd g
0000 125Hz06 kHz AdB 0000000000000 0OOOOOOOODOOOO
gboboboogbbbboodb 340000000

gogbodobbooogooboboboboobobobuoogoonbb 20emgnnonoog
gboobboooobobboobgobbbdooogg d3ocebbugunobooboooon
00000 2. m00000000000 340m/sed 00000000

3.2.3 Jouoboooon

ggobobooboooooboobooboooboo 3ocebbobbooboon
gooogobd 3. duubobboobbubboogbuooobuaoobooobod
goboggbggobo eocub bbb ouoonoboodboboobn 3.8
O 3. 0000000

18



x 10" Original Signal & Power Spectrum

4 T T T T T

Amplitude
o

_4 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100

Time [ msec]

150 — —

Power [dB]
(=Y
o
o

50 N L L L L M| L L L L M h
10 10° 10
Frequency [Hz]

O34 000000bbouogogbooboooobbbooogd

10
2r ‘ ‘

4 Detected Signal & Power Spectrum - focus: R 30 deg. -

Amplitude
o

0 10 20 30 40 50 60 70 80 90 100
Time [ msec]

150+ — —
100"
% |
SOl 14MWMMMMM
10 10 10

Frequency [Hz]

U 3.50b000b0bbobb3cobboboboboboboobod

19



4 Detected Signal & Power Spectrum - focus: R 60 deg. -

Amplitude
Q

1 1 1
10 20 30 40 50 60 70 80 90 100
Time [ msec]

Power [dB]
(=Y
o
&

T T T — T T T — T T

| L L I S S S R |

50

x 10

10 10° 10
Frequency [Hz]

U3600ougeccbbuooonbbonoogonn

4 Detected Signal & Power Spectrum - focus: R 90 deg. -

Amplitude
=)

10 20 30 40 50 60 70 80 90 100
Time [ msec]

T T T — T T T — T T

| L L I S S S R |

50

10° 10° 10
Frequency [Hz]

g3 7.00009°00000000000000

20



3.2.4 0OU

gboggbobbogboboobbbbuoobuooobuooooobooboobuooboba
gbobbobooboobooboooobobbooboobobobobbobn

gbbbbodgbobooobboobbboodobboobbooobbbbosaobd
OO0 o0bODbOODOon0OD 1.7kHzO00 3.4k 00 5.1k ..00000000O
gboboobbuouogoobooboooobbboooobon

goobobooobooobobobbobboobb3ED1kE OO00OO0OOOODOOO
godbooboooobobobooooboobobobooboboobbbobo
gbudgobodboggbuogboodgbuoobbuoooobuodgbbboobobod
goudgobboobboggboobuoobbuoobooobogboogooogd
gboboboooobobobooogbbuooooboboboooobobobuooooooobo

3.3 UU

gboboougbobdgboobbboooboooboobbouogbooobobod
gbouoggbodboggbuougubudooooouooobuodgboogbooood
goooooobobobobobooboboboboboboboboboooog
gboboboogobboooobboogd

gbobooogbobbdobooobuoooobbooboobooobooobboa
gbobodgoggobbooobobboobbbooobobobboooboboooooooon
goobogbbooggbboobuoboboobboobbobuooobuoobobad
oboboboooobooboobgobooboobooboobobbobn

ggoouguboobbbbbbbbbbbbobbbobouobguouooaaao
gboboboggbobobboogbbobbuoobobuooobbuoooobbooobl
ke DO0DOO00OO0DOO0bOO0bOoboboboboobooobooboobooboobobobonbo
godbobobooboboboboobobobobooobooboooboobogo
gbobobbodgobbboooobbn

0000000000 o0oU0000o0oOO0oU00O0Oo0oooUoUoOOooOoooO 3OO
gbuogobuodbuogbboooobuoobboobobboobboobuoobbod
gbobbdooobobbuoooobobobooobobooodgobooooobboooao

21



] 4 [

Joobbon

4.1 0O00O0O00OO0Oooooood

4.1.1 0O00O0O0OO0O0OOODOOOOO0O

gbbooboudboobboobboobboobooboobboobuooboo
gbouogbbogooboobooboboobboobobobobooboboobboogd
gbouogogbboobuodgoboobuooobuodgboougoboobuooooad
obooboobooobn

gbboobboobboboobboobuooboboobbooboobbodoboo
gbuooogbbuoobboodgboouooboboobbooboooboobobooad
godboggbuoggbuodbooubboobobboobboobbuoobobod
gbobobobobobobuobobuoboobobooboooobobbobobob
gboboboboobooboobon

gbobboudgboggbuoobboobbbobobobbbbuodooobuoooodad
gbobobooobuobbooobbbuooood

4.1.2 U000 oo oobbooad

000000000000000000000000000000000000000
00000000000000000000000000000000197900 Boll O
00000000 [18]0

22



Bol DOOOOO0OOO0OODOOOOO0OOOOOOOOODOOODOODOOOOODOD
gbobbuogooboboobuooboobboobbuoobuoooboobbbbod
gboboboooobbboooobbbooooboon

gbobobogbboooboobboobuooboboobbboobuoobbooboo
gbouggobuogobodbboooobuogoobobooboooboobboogd
gooodbobobobobobobgobobobobboobooobbbooooboobobg
OO00b0ob0obolk oboobobobooobooooboboboboooboobgoo
goobon

4.1.3 U000 0OOUO0oOOoOobbOoOood

gbobodobdobobobobobobobobooboboboboooooon
gbuouooogubobodgbooobbboooobbbooboboboobbod
0000000000000 0O000O00O0000OUOO [(BUOooooooUuooo
gooboogoooon
gdogbbodogboboobboooobbouooobobuooobboboooboboobb
obooooobbobobobobobbobobobobobobobobobobo
gbuogobuogbboobbbboobooboooboooobbbboobobon
gbouodgboodbogbuoobobbuoobboobooboobboobbooobad
gbodbobbdodbooooboboboobbooooobooobooobbooon
0000000000000 000000O00O0O0O0O00D0UOoDOoODODOO PO
gbbbogbboobbobobodbobudoboooooobbooboboood
00000000000000000000000000000'o00Do0o0oOooooo
gbobobooobboboodgbbodg o.a bbboogbbbouoobbbboon
gbogoboobooobobbobbboobbuogobuooobooboobbobobo
obOogd @ oo gobooobooboobobooboooourobobobDbo
gbobobodg e gobbobuooobbobbbbuooooboboooooobobo
gbobogogboobodgbboobboobobooooboboobbooooooa
gbobobougoboboooubbbuoooonboo

000000 10.7msec00000000 5.3mc 00000000000000DODOOOOOOODO
gooobooboooboobooooooboooooon

23



4.2 [0O0

gboooobooboboobooboboboobooboboobooboboon
gbudgbboduuodgbbobobbuoobboobooboobboobobbobod
goooobbobobobbbbibobobdtdtogubooooooooooobooon
goboboodgaon

gboobobgoboooouooooobuoobobboobbooobboobuooooa
goooobboboooboboboboobooobbuooobboboobobobobo
gbuooobuodboboobboobbuooboobbooobuooobabbbod
gboboboboouogobboboogbbobboobobobbooooboon

gbobobodgbbooboobboobuoobuoooboboououogbbuoobooo
00000000200000000000000000000000O00O00OODOOOO
gbuoogudbboobbobbuoobbooboboobobugooboobbod
gbogbogboooobobboboougboboobobooboobobooobobo

2000000512pts0000 000000 48kHz 0 10.7 msec 0000000256 ptsO0 00 5.3
mec O 0O00hanmmng O MOOOO0OOO00O0OO

24



1 o1

HRERERERERN

5.1 0UOUOOO

gbbogoboogobogbobboobuoobuoobuoobobuoobbuooboo
oboboboboobooboobod

gbbboodgbbbodgbobodobboobooobbboobboobooood
gbobobogbbobooobuobogbuooobooobbogbuoooboobood
goobooogooon

5.2 UUOULOOUDLOOOOOO

5.2.1 00000000

gboboboboooooobobooboboboooboobobboobobon
gbodbdogobdabooouogboboooobuoobooboboobobbboobon
gobooobbobobbobobboboboobooguouogououooooooooon
0000000000000 000000000000000ATROOOOOOOO [22]
00000000000 00000000000000DO00000 /a/d mhtsy003.add
000 /bunri/O0nh t14348. add 000000

ggbobobooboobbbooddobobbuoooobbb 10emdonbboobOOg
gboboboooubobbooooobbbidod 1mO0DbOO0O0O00obDbObDOO0O00

25



obooobObo0obooobboboobbooboon 2omggooooOoOoDO
gbudgbobogdbuogbbooboooobbboobodobboooboobboobbod
00000 90dB(A) 000000000000 O0O0O0O0OO 48kH20000000
O 6bhitDO000ODO0O0OO0DOOO0O0O0OO0OOODOOO0OOODLDOoDOoOoOooDbDDOD
00000 33dRA) OD0000000000O0 SNROODOOOOOOOOOoOOooOoOOo

gboobobobobboooooooboboboboboo s 1iggbooboob
gbbbouggubougg s 1ougaobn

05.1:000000

oood oog 0d 00
DAT SONY PCM-2700A
ooooooo SANSUT AU« 907M | 0D00000OO0OODOOODOO
oooo laboratory-made Oooodd: FPIEX FE127

goooboobbog

[ albrat ory- mude

obooboobgd:
RAMVA  WMGCr5 0000

Ooooooooono || TASCAM M 8 gooooooooood
oood TEA C RD 135T 8ch. 0 0 OO0 MR
goo RION NL- 04 goodooooooobon

DAT O OO SONY DI 60 goooooooooooo
4 )
Power Amp.
Mic. Amp. DAT
)
= |
L v D]‘_
—= '
L k
I;;/ Microphone Array oud Speaker
Recorder
(8tr. MTR)
. J

s l:00b00oobbbuoooobooobd

26




000000000000000000000000000000000000000
00000000000000000 5200 550000 /a/000000 5.610 5.9
000 /bunri/ 0000000

x 10" Signal & Power Spectrum -/a/, clean -
4 T T T T T T T
2,
(]
e}
=2
50 -
€
<
_2,
_4 Il L L L L L L L L
0 005 01 015 02 025 03 035 04 045 05
Time [sec]
150,
S 100-
g
o 50r
a
0 L L L
10° 10’ 10"
Frequency [Hz]
05200000000 /a/0
% 10" Signal & Power Spectrum -/a/, rev. CENTER —
2 T T T T T T T T T
l,
[}
e}
=
5 0
S
<
_l,
-2 , , , , , , , , ,
0 005 01 015 02 025 03 035 04 045 05
Time [sec]
150,
S 100-
g
o 50r
a
0 L L L
10° 10° 10"

Frequency [Hz]

0 5.3:000000000000 /a/000000000O0OO00OODOOO

27



% 10" Signal & Power Spectrum -/a/, rev. LEFT -

Amplitude

0 005 01 015 02 025 03 035 04 045 05
Time [sec]

Power [dB]

0 L L L
10° 10° 10*

Frequency [Hz]

0 54: 000000000000 /a/0000000000000000CO

xlOA Signal & Power Spectrum -/a/, rev. RIGHT -
2 T T T T T T T

Amplitude
o

L L L L L L L L L
0 005 01 015 02 025 03 035 04 045 05
Time [sec]

Power [dB]

0 L L L
10° 10° 10"
Frequency [Hz]

05.5:000000000000 /a/00000000000000O00O00OO0

28



4 Signal & Power Spectrum -/ bunri/, clean —
2x 10

Amplitude
o

2 , , , , , ,
0 01 02 03 04 05 06 07 08 09 1
Time [sec]

Power [dB]

0 L L L
10° 10° 10*

Frequency [Hz]

0 5.6: 00000000 /bunri/0

xlOA Signal & Power Spectrum =/ bunri/, rev. CENTER -
l T T T T T T T T

Amplitude
o

_1 Il Il Il L L L
0 01 02 03 04 05 06 07 08 09 1
Time [sec]

=
o
S

Power [dB]
[l
?

0 L L L
10° 10° 10
Frequency [Hz]

05 72000000000000 /bunri 00000000000 0O0OOOOO

29



% 10" Signal & Power Spectrum =/ bunri/, rev. LEFT -
1 T T T T T T T T

Amplitude
o

-1 . . . . . . . . .
0 01 02 03 04 05 06 07 08 09 1

Time [sec]

Power [dB]

0 L L L
10° 10° 10*

Frequency [Hz]

058 000000000000 /bunri/0000000O0O00C0O0OOOOO

xlOA Signal & Power Spectrum -/ bunri/, rev. RIGHT -

Amplitude
o

_1 Il Il Il Il Il Il Il Il Il
0 0.1 0.2 0.3 04 05 06 0.7 08 0.9 1

Time [sec]

Power [dB]

0 L L L
10° 10° 10"
Frequency [Hz]

05.9000000000000 /bunri 00000000000 0O0OOOOO

30



5.2.2 0O0OUO

000000000000000000000000000000000 50m® OO
500 Hz OODODOOODOODO 082secUU0D00O0O0OOO0ODOOODODLOOOODLOODO
5,100 00000000000000000000000O000000O0'D00000
00000000000000000000000 17.10 000 22.3% 00000

gogboobuooobbbogobbboogonb . nnopugooobbooobood
O0O000000000O0TSPO Tine Stretched PulseJ0 DO 0O0OO00O0O0OOOOOOO
000000000 2000000000000 000000O00DDOOoOOOOODODOO
gbugobuodbooodgobogbuooobbobboobbooboooban
gboogbboboouoooouoobogbboobab oboouoobaooboobod
gouogubogoboggbuogobuoobobuoobboobboboboouooboobod
0000000000000 000000D0 (40000000000 0ooooo

|

Loud Speaker

54m

Microphone Arraﬁl

40m
gs.10:00000b0000ooogoo

JISOO A95050A6306 00000000 32keg/m®* 000 50mm O0O0O00000000O0O00O0
00000000000000000000 2110000000

31



Reverberation Characteristic
0.75 " . B .

0.65 .

o
?
1

Reverberation Time [ sec ]
o
ot o
Qo
Il I

o

I

¢

*
i

0.4r .

0.35 : : — ‘3 : : —
10 10 10
Frequency [Hz]

gsll:ogboobougoobbbood

5.3 ULUUO0OOOUOOO

gbobooooobobooboobOobooobUoboobooboobOoooobOooo
OoO0OOobO0ob0ooooobOoboboooooboobooon

gooboboooooobooooboooboooobooboooobboooooooobooboobooo
OO00o0bOO0bOobo0oboooooobbooooooo0obobobobooogogn SNR:
dgnal to Nise Rio DD OUOUO0O0OOOOOO0OOOOOOOOODODOOP: P ectrd
bstation OO0O0OO

_ Eg:l z(n)?
SNR =1 lg 4, SN () — y(n)}2 [ dB ] (51)
1w NE
SD = Wg{Sz(w)—Sy(W)} [ B ] (52)

0000005100 z(n)Dy(n) 0000000 O0DODONDOODOOOOOODOODDO
0000000 s200 S,(w)0S,(w)D0D000O0DOO0OOW DODDOOOODOOOO
oboooboboonb FHE bDOoOobooboooooob

32



gooooobooobboooboobbobbooobooobboobooobon
OO0bOoooboooobooboboooboOo SNROOOOoooobooboboooooo
OooOooooooboooo sboooooobooboo

ooboods200000b00 Sboooboooooobooooooooooooog
OoobobooboooospboooooboboooobuobOobU125Hz06 ke O
obobooooboobooboboobooboboooboobobooboooboon
sboobooobooooboooobobooboobooobobbooobooboonD sbO
0000000000 SbO0O00000000000000 SDO SDgpeexd OO0 5. 31
gooboooon

1 Won ’
SDspeech = W — W + 1 w—%ﬂm {Su(w) — Sy(w)}z [ dB ] (53)

oooos(w)isS,(w)000000000000W,, ,0000000000000
1200000000000 0O0O0O0DOOO 000w, gobbooooboog
U0 6kl0000000O00OO0OODODODOODOOOOODOODOODOOOOOOODO
OO0DO0O0boO0O SboobooobobbouobboooboOog 1024pts 000 0OO0ODOOO 48
kIz O 21.3msed 0000000 512pts0 000 10. TnsecO 00200000000
OO0O000O0000 hammng OOOO0OOOO

54 0O0OOO

gogddodoooooobooobbbbbobobbbbbbobboobobooobo
gboboobbogboooobbuogbbbboooobobooboboboooobboad
oboobooobooobob sboboobobobooboobobooobooboboboobo
OOoo0boooboooobobob sbgoooooooobobooboooooboon
gbudgbboodgboobbooobuoobuooboobbooboobbooboo
gbboboogbbbbooogubbooobn

0000000000 /a/O/bunri /000000000000 0OOOOOO0O 5.1
O 5 13dbobogbooboboobobboobobobobobobobobobbonb S

J000000000000000000000000000000000O000000000000
goooboooooboooooooobboooboobobooobooboon

33



0520000000000 SDOO0OODOODOOOO

oo gooo goooo

/a/ 14 - 27 [frame no. || 3.18[dB]
/ bunri / || 18 - 65 [franeno. || 1.29[dB

Ooooobooooboobooboboboboooobbobo0oooobo0ogobo sboooo
oogo 520000000

gboobogdobogbboobboobbooobbooboobboobuooooa
goooooobobobuoboobobobobobobobobobobobobodoo
0000 /a/0/bunri /000000000 0ODO0OO 5.1400 5. 170000000

ggooodoboobbobbobbbbbobbobbuoooabbiooduooaaao
gbogbbobobougboobboobuoobbobbogboobboobooon
O0000/a/0/bunri /0000000000 O0O0OO0OO0OOOOOOOOOOOOCOO
goobobobooooboboboboobobob s sgbobuobbbooobg
gbudgboodbbobboobuobooobuoobbbobobobobbooboo
goooon

Us3:00000000000000

god ggbobobobooooobogao
gogoboobgobboooobon |bobodd

/a/ + 6 [pts] ( + 0.125[ msec] ) 0 12°
/ bunri / + 6 [pts] ( + 0.125[nsec]) 0 12°

34



/a/l - clean speech -

4x 10

0.1

Improvement of Seg

0.2

0.3

0.4

. SD (speech-band)

0.5
Time [ sec]

a1

Improvement [ dB ]
G o

20
Frame Number

25

30 35

40 45

0 5.12: /a/ 0000000000000 O0O0OOOOOOOOOO

4
x 10

/bunri/ - clean speech -

0.2

Improvement of Seg. SD (speech—-band)

0.4

0.6

0.8

3]

|
al

Improvement [dB ]
o

40

50

60

70

Frame Number

80

0 5.13:/bunri/ 00000000000 OCOOCOOOODOOOOOO

35



x 10€lean Signal, Reverberated Signal and Estimated Direction -/a/-

Amplitude
o
E

_5 Il Il Il Il Il Il Il Il Il
0 4005 01 015 0.2 025 0.3 0.35 04 045 05
2x 10 ‘ Time ‘ [sec]‘
(0]
o
=
=0
1S
<

0 005 01 015 02 025 03 035 04 045 05
‘ Timg [sep]

! *
- 20, K . ¥ N -
% * X X X
o Ok XK oy KooK KKK KX XX % “ ]
[a) *

-20r * .
1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20 22
Frame

0 5.14: /a/ 000000000000 COCO0OO0O0O0COOO0O0OMOOO0OO0OOODOO
oboobooboobbobd

Histogram of Estimated Direction -/a/-
12 T T T

10 : -

Frequency [times]
(2]

Fpoold ool

Direction ( 2*tau [pts] )

0 5.15:/a/0000000000000000OO00OOOOOO

36



X bean Signal, Reverberated Signal and Estimated Direction —/bunri/ -

[0}
o
=
5 0 . ) e
€
<
_2 Il Il Il Il Il Il Il Il Il
0 401 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1X 10 _Time [sec]
[0}
°
=
= 0
£
<
-1 I I I I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
T K T T
20r : : 8
oy
g * ¥ K oxx
T OFksooxor xR xR ¥ Kook KK g Koo xx x X .
[a) *x
_207 |
| | | | | | | *x ** X%
5 10 15 20 25 30 35 40 45
Frame

O 5.16: /bunri/ 00000000000 MOOO0O0OOO0OO00O0OODODOOOOOOO
oboobobooboobogd

Histogram of Estimated Direction - /bunri/ -
25 T T T T T

= N
al o
T T

i i

[any
o
T
]
i

Frequency [times]

‘_H_H_H_‘Hx .0 Hﬂ il 1 [l

-30 =20 -10 0 10 20 30
Direction ( 2*tau [pts] )

0 5.17: /bunri /000000000000 0OOOOOOOOOODOO

37



5.5 0O

gbogbobbobbobbobbobooboobobobobooboon

000000000000 0000000000O000DO00000O0O00o0OO0OO /a/o
/bunri/ 0000000000000 0O0O0O0O0OOUDO0OO0OOOOOOOOUODOOO

000000000000 0000000 /a/O0O0O0O0O 120000000000
gouodgbobodbogbboooobbuogobuogbboobobobboobobod
0000000000 ShO0OO0O0OO0O0OO0DO0O0O0O0O0OOO0O0OO 5.13000 /bunri /0O
oOoboboobooboooboob sSboooooboobobooboboboooboOoobo
OOobooobooobooooo Sboooooooooboboooboooobooooo
gbbboobboobuodgboboobudoobuooobobodgbboobuoooobad
oodo

gbogoobbodobobobboobboobboobuooobuoobooooboodg
gboodgboogboobboobuooobuooboobboobobobobooboo
gbobooboogobbobodggo

gbodoboooobobobooooobobooooboobobooboboab
gbugobuodgbboobbotobuooobuooobooobuoooboobbod
gbooougbbougboobboobuoobbuooboobboobooobbooboo
gbooggobuodgobogbuoobdogbboobuooobooogbooobboobod
gobobobobobooooooboboobobobobobobobooonn
guobooobbbobbbbbbbiobdututuouuooooooooooboobn
gbogbbboodboooououooobuooobbobuoobbuoobooooobobon
gboogboodgboobbooobuooobuooboobboobobobobooboo
gouoggbuodgobbobboobuoobobuogboobooobooobboobad
gooogbobobobobooooooooobobobobbobobobobg
gbuodgobuodboogboobbouoooobuoobuooobuoooobuooobod
goboboogbobbbuooobbuoooobbo

gbboboogbouogoobboooooboboobboboboobobuooooboo
gooooooboboooboooobobobobobobobobobooaobog
obooboobobbobooboooobobobooooboooobuooboooboon

38



gboodobbobobooobobobobobobobobooboboobooooog
oboobooooboobooboboobooboobon

gbobbbuooobodgoboobbooboboobuooboboboboobooood

00000000000000000000000000000000000 SDOO
goobdobgobbooooboboboooobobobooboooobbobobo
gbobogbuogobudoboobbboobboobuooboobooobboobd
gboogobuodbogbbuooboobbuoobbobboobboobuoobobod
gbobogbogogobboobboobbuoooobbuogbouogbbooboobon
gooodbobobobobobobooboobobooboobobobobobobobo
OOobooooooboooboooooboooooboooooosboooboooooo
gbugubuodgbogbbooboobboobboobooboboobbbbod
gboobooobboboooobbbooobboboooobbogd

‘0000000000000000D00000D0D0O00000000O00000O0

39



] 6 [

HRERERE

6.1 UUO0OOOOOO0OO

gbbooobboobooobuodboogbuoobboobboobogbobod
obobdobobobooooooboboboboobboboobobobobabg
gbobboodgbbobbogoubobboogbbbbuoooobboooobobobo

gbobgobuodgbobguobogobboodoboobboobuoobobooooa
ooobobobiodbodbobobobobobobobobobobdobbobog
gbbboodgbbbboobobobobbooobbobbooobobbuooobboboo
guobogboboobobobobobooooboobobbobbobbboobuooood
OO0000o0o0 1kHzOODODODODODODODODODODOODODODOODODODOoDOD
gbobooooobbooboobbboobbbooobboboogobouoooooon
goobooboboboboooboobobobobooobbobobobabg
gboboboodgobbbouoooobon
gboobooobodgbboogbbouobouoooboboobboooooog
goouogbuogobogbboobboobbbuoguobodgboobooooooad
obobboouoouoooboobobbobn

gbobobboboboboobbobboouobboobboobboobuoooobooba
gboodgboodgboobuooobuobooobuoobboooboobboobooo

40



goobbobogboboooooobobooboboboboboboboboboboo
oboooboboobooboobgbooboobooboobod

gbobbogbooboboobboobuooboobboobooogobooboo
goboggbobbbouboobbuooobuooobboobbbuoobbuooobg
o000 sbdb 1dBO000000O00O000O0OO0O0OO0ODOODbOOOO0ODbOOD
(17|00 000000000000000000O00000O0DOOOO0D0O0OOOOO0
godboggbuogobuogboboobobboobboobboobobboogd
goboboogbobobbooboooobbuoogobooo

6.2 UOUOOO

gbobogogobogbboobbooubboobboobboboboouooooa
gboboboboobobobooboboobooboobobobobbobbobn

gbbbuodgboobobooobboobbobobuoobboobuoobbooboo
gbooogobbuogboobobooobuoobbbboobobooooboobbod
gbogboboobobboobuooboooboobboobuoobbooboobobod
gobobbogdobogobuooobuoobobuoobboobboboooooboobobo
ooobdbobbobobooboooboboboboobobobobobobo
gbobboodgbbbooooobbdago

gbobobogobbbodgboogboobboobbooboobobobooobg
gbouoggogbouogbooobogobuogbbuoooobbbuooobuooboobod
goobobbboboooooooobobobooobooooobobobobg
gboboboodgbbbbooogbobbooobbboon

41



HEN

ggbboodgbboooobbobobbbboobboboobbboo bo bao
gbobbooooon b goobb o bobboooobbobooobboood
gouoggobodgbogbbobuooobuogboobboobobbbooobuoooboad
obooboboooooboobooboobooon

gogobbh b oooobbobobuooooobbbbbbooooobbbobob
gboboboogbbbboooobobbooobobooooboboooon

gdboobboooboboobbobboboooooboobbooobbbooogooo

42



oo

1] 00 O: “0000,, 000 019690

(20 0000000000000 000O0O0OO: “00O00,”0000 O 19880
(3|00 00:“0O00000000,”0000000 O 19850

[400000000: “0O000000000O0O0OO0,”00000000 01990
(5|0 0000000000000 00O: “0000000o0o0,”000 019960
(6|00 000: “000000000000000000O0O,7JAISTOOO0O O 19960
[7]00000: “O000000C0O00o0UoOoD,’0000, 3-3-140 1996.30

[8)00000: “000000000000000,70000000, vol. 51, no. 4, pp.
331- 3350 19950

(90000000 D0: “00000O00L00D0O0OO0OO,”0000, ¥37 DW.3 O

[ OO0 0O0: “000000000000O0O00D0DODOO0Oy D000, 188 O
909 0O

] OOO00O0O00: “00000000000O00 0000, EA®L2 0B O

3 J B. Alen D. A Bklyy and J Baat: ‘Mdtimicrghae sig-po  cesiIg
tec liqe to rem ve roan rev ab edicn  fran spec h sigd,” J Aast. Sc An
vd. € m 4 p 9R9%B 0197 O

3 ST Nelty ad I B Aen  ‘In vetiblit y d aroan implse  r1ep ase” 1 Aost.
Schn vd @ m Lp BEO 099 O

8



[14] M. Miyoshi and Y. Ka n ed d&'Inve rs Ei lte r io iRpo ma co us t ilcBEET ans .
ASS P-36(2) pp .1 4 5- 105129887

[ 1H Wangn®.ItakatAmAppr batde recbvr atisoinmgl ti - mi crophon
subbaemdl epst i mafdliCAROPIpp953-035%6 931

[ 1l)000000: “0000 MINTOOOOOODOODOOO, "0o0O0, EA90-19
019490

[ 1 QO0O00: “00000000000000000000OOODODO —OoOooboooo
ooooobobobo — moboo,1- 3269849, 9

[ 1 8]F.Bol 1“:“Suppr eosfAd ®msNoiics # @ ehcUs i Bge ct Babtraction, ”
I EEEr anAS S P-(221) 19 109

[ 10000 000: “000000000000OO0O00D0D0DOoLOoOoODOOO, oo
OO0,EA96-099 96

[ 2@Ooo0000O0OO0OO: “O00000000DOOOOOOOOUOO, DOoOo,
EA92-869 912

[ 2 0)0000000: “O00000000O0O00OO, MO0 019 812

[ 20000000 00O0O0ODOO: “0000000000O0O0DCOOOOOOO, "ATR
Tehni Relpr TR-1 - CADHI8

4 4



Juogdod

.00 0booo ooo“cbboboboboboobooooobouo bDERPAMO,)” OO
godb oboooboooboob 2-P-241199T

45



