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157 ch synchronized recording system

Control PC : 1 Control PC : 2 Control PC : 3 Control PC : 4
Power Mac G5 Power Mac G5 Power Mac G5 Power Mac G5
NUENDOD 3 MUENDO 3 NUENDO 3 MUENDO 3

46 ch 34 ch 46 ch 31 ch
,L AES/EBU
A/D - D/A Ea A/D - D/A ra A/D - D/A Ea AJ/D - D/A
MOTU HD182 MOTU HD192 MOTU HD182 MOTU HD192
4 units 3 units 4 units 3 units

Microphone amplifiers

B&K Type 2694
10 units

Word clock generator

Rosendahl Nanosyncs HD

Control PC

Surrounding microphone array

Microphones
B&K Type 4951
157 ch

05 : Microsoft Windows XP
Software : B&K BZ 5291

O 24: 157ch0D0000O0O0ODOODO
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Control PC : 1 Control PC : 2 Control PC : 3 Control PC : 4
Power Mac G5 Power Mac G5 Power Mac G5 Power Mac G5
NUENDO 3 NUENDO 3 NUENDO 3 NUENDO 3
MOTU PCl-424 MOTU PCl-424 MOTU PCl-424 MOTU PCl-424

Firewire
cables
¥ I_
IN OUT IN OUT I OUT 1N OUT
AES/EBS AES/EBS AES/EBS AES/EBS
=zl =zl = = z |l =zl = z|l =zl =| = z |l =zl =
(] [&] (o] o (] (o] o (=] o] O ] (o] (o] o
= =T = 313l = = = = 313l =
- Z - - _ - - [ - - - _ - -
|l x| x| x|l x| x |l x| x| x|l x|
91991 C = = 199G = = =
[{s] [{s] [{s] 1] [{s] [{s] 1] [{e] [{s] 1] [{e] [{s] ] [{s]
[R%] (R4 MJ [ (R4 MJ [ %] [k [ %] [k [k [R%]
= - — = Mo ] [+ [¥%] [#8] Cad [¥%] I I I
~ b | & S e AP I IO I S A RSN S
Word Word Word Word
clock clock clock clock
N Audio IN 1-46 M Audio IN 47-80 N Audio IN 81-126 i Audio N 127-157
A r r A

1 [ [ [

Word Clock OUT 1 Word Clock OUT 2 Word Clock OUT 3 Word Clock OUT 4

Word clock generator : Rosendahl Nanosyncs HD

@ - Audio signals

0 26: A/DOD/ADODO0OOOOOOOOOOO
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Control PC : 1 Control PC : 2 Control PC : 3 Control PC : 4
Power Mac G5 Power Mac G5 Power Mac G5 Power Mac G5
NUENDO 3 NUENDO 3 NUENDO 3 NUENDO 3
MOTU PCl-424 MOTU PCI-424 MOTU PCl-424 MOTU PCl-424

Firewire
cables
v
N QUT IN OUT IN QUT IN OUT
AES/EBS AES/EBS AES/EBS AES/EBS
= = = =< = = = = = = = = =< =
cl|lacl|la| o olo| o olclacl o cl|l ol ©
S 3|2 = S 3] 2 = = S| 3] =2
- - - - - - - _ = - - [ = -
. . I I L . . I I L . I I L
DSl 29 91912 912191 < 91219
[{n) [{n) [{w] [{e] [1n] [{n) [{n) [{e] [{e] [1n] [{n) [{w] [{e] [1n]
[R%] [R%] M2 [k Mo [R%] [R%] [k (k%] Mo [R%] M2 [k Mo
- e o na na G G Lo w > N P
- K% [#5] P - [ [#5] —_ [k (48] I — M2 (98]
Word Word Waord Word
clock clock clock clock
N Awdio 1N 1-46 N Audio IN 47-80 N Audio IN 81-126 N Awudio IN 127-157
F 3 A JKI T A A F

13 26 37

47 59 7

81 03 105117

]
|

127 139 151

Waord Clock OUT 1

Word clock generator : Rosendahl Nanosyncs HD

‘Word Clock OUT 2

‘Word Clock OUT 3

‘Waord Clock OUT 4

Word Clock OUT &

Control PC Fge‘glire
able
MacBookPro
Cubase 4

y

ADAT OUT 2

Waord Clock (N

Audio interface : M-Audio ProFire Lightbridge

ADAT OUT 1

L,

ADAT IN

A/D - D/A : Behringer ADA8SOQO 1-8

ouT

Another input signals : White noise

| ADAT 1M

A/D - D/A : Behringer ADAB0QQ #-14 B

ouT

U2n0booboboooobon
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157 ch synchronized recording system

Control PC: 1 Control PC : 2 Control PC : 3 Control PC : 4
Power Mac G5 Power Mac G5 Power Mac G5 Power Mac G5
NUENDO 3 NUENDO 3 NUENDO 3 NUENDO 3
46 ch 34 ch 46 ch 31 ch + 3 ch

,], AES/EBU
A/D-D/A P A/D-D/A P AMD - DA A/D - D/A
MOTU HD192 MOTU HD192 MOTU HD192 MOTU HD192 3 units
4 units 3 units 4 units OUT N OUT
) ) ) 158 159 160
TSP signal

Word clock generator
Rosendahl Manosyncs HD

B&K Type 4951
157 ch

Microphone amplifiers RS-232
B&K Type 2694 Control PC
10 units 05 : Microsoft Windows XP
. Software : B&K BZ 5291
Surrounding microphone array Loudspeaker ISP signal
Microphones Micropure APS001 ¥

Loudspeaker amplifier

T+

YAMAHA P4050

U228 00b000000000000
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3.21 0OUOooobbooboobboodgd

gbboooubgooogoooboboboubobobboobooooboobon
0000000000000 0000000 4600150000000000000
0000000000000 000 dr49|00000000O00OoOooooooO
gboboouodgbdodgoobobbbboooobbbbobodooobobobbood
gudgdgbubogoooboooooboob

gbbobbobooobuooboboobobbooobobbboboobbobn
gbogbobogooboouooboboobbooboobooouogooooooood
OO000Db000ooooobobobobboobooogOgodegioobe, 00O
000000000000000000000 p,(9,) 006, 00000000000
gooooooooobbOOoboboO0¢g,0b00DDOODOOOO0OODDOODODObOO
oobooooooooobooboeg,0bOOOO0DbObOOOODODObOODODOODO
ooobOooobbobodbod e 0000o0oooooon

x1(t x1(t— D
. 1(t) B 1( 1)
To(t To(t — D
2(t) B 2( 2)
' ) y(t)
“ras(t ~ _xn(t— Dy,
CTM() D TM( M)
—

Microphone array

031:00000000000000
9,0000000(¢)000000D,00000yH00000

000000000 0000000000 MOOOOODOODOOOOO (O 3.1)0
0000 w0000000000000000000000000000 ;(¢) (1 =1,
-, M) O

zi(t) = Xl (3.1)

gobboooobooox;0boboooboobooooon
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00006, 0000000000000000000000y#)0000000
() 0000000000000 (i—1)7, 00000 Y ggoooog
0000000000000 Dy=Dy—(i—1)r07, = (dsind;)/c0000D,000
0000000000000 0000000000000000000000000
000000000000D0D0000000 [50)0000000000000 p,(61)
00000000 200000000000000000

M 2

Z Ii(t)@jw(_DO(i_l)TL)

i=1

M
[Z Xiejwu—lm] ¢iw(t=Do)

1=1

py(0r) = ly(®)]* =

2

2

(3.2)

M
Z Xiefj(ifl)QL
=1

Qp = —wrp = (—wdsinby) /c (3.3)

0 (3.2) 00 (3.3)0000000000000000000 X;0X,0--+, X, 00
000000000000 O0DFT(00000000)00000000000000
0000000000000 {X;0X,0...}=X{10e%0e%%0...} 00000 Q
00000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000 00000000

0D000000000000000000000000000000000000
0000000000000 00000000000000000000000 £,0
000000000 200000000000000000000000000000
000000000000000000000000000000000000000
0D00000000000<sing, <100000000000000 d0d>c/2f(f
0000000)00000000000000000000000000

000000000000000000000000d=50cm0000f > 340 Hz
000000000000 00000000000000000000000000
0000000000000 0000000000000000000000000
0000032000080000000000000000000000O0 (MO0
00000d=50cm)000002000000000000000 (6, = 0 degO
6, =40 deg) 0000000 3.3() 000000 300Hz200000 3.3(b)00000
0800 HzO0OODODO 3.3(c)0 00000 3000Hz0000000
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gobooboobiboboooobbbboboouobbooooboooboobbn
gbboooobobobdoobobooooooobooobboboobooon

10

_1 i i ;
—900 -100 0 100 200
X [cm]

0320000 MUSICOOOOOO0OO0OOODOOOOO0OOOO0OooOOoOoon

3.2.2 MUSICO

gboouobogoooboobbooooboooboboubbobooboan
00000000000 00000O00000 (000000 M)—-1000000
goddodguoobboddoooboobbuoooooobouobboubobooo
O0000000000000O00000 (high-resolution method) D000 OO0 OO
00 [51]000000 [51]0MUSIC 45|00 000000000000000000
O0000DoOooO0oboOoooo MUSICOODDODODODOOODODOOODbODODODOO
gogooobooodoobobooouoboobobbuooboooobboobn
ooooooobooooooMuSICOO0OOoooooooo
bbb ooooboboboboou oo uooooon
0 z(w, ) D0 0000000000 A(w) 000000 ODOOOODOODODOOOOOO
siw,)D0D0000000On(w,t) 0000000000 0OOOODOOOOOODOO
gooooo
r(w,t) = A(w)s(w,t) + n(w,t) (3.4)

0(34)00100000000002000000000000
000000 Rw)d sw,t)0 n(w, )0 000000000000

R(w) = E[z(w, )z (w,1)] = A(W)E[s(w, t)s™ (w, t)] A" (w)+E[n(w, t)n” (w,t)] (3.5)
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Delay—and-Sum Spectrum

15.65

15.6¢

Level [dB]
H
a1
(6]
a1

15.5¢

15.45 ‘ ‘ ‘
-100 -50 0 50 100
Direction [deq]

(a) 300 Hz

Delay—and—-Sum Spectrum
15.65 ‘ ‘ ‘

15.6¢

Level [dB]
H
(&)
()]
o1

15.5¢

15.45 ‘ ‘ ‘
-100 -50 0 50 100
Direction [deqg]

(b) 800 Hz
Delay—and-Sum Spectrum
15.65 ‘ ‘ ‘
__ 15.6¢
o)
S,
o 15.55
>
(¢H)
-
15.5¢
15.45

P00 -50 0 50 100
Direction [deqg]

(¢) 3000 Hz

033 000000000 emb0000goobobboboooboobbooonoon
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0000000 0E[s(w,t)s?(w,i)] =pwI00000000000000 n(w,t)
D0D0000000000000ER®Ww n(w.t)]=cI00000000000
oo

R(w) = A(w)p(w)AT (W) + oI (3.6)

00000000000 pOO0OO0OCODO0OOD0O RwOOODOO DOOOOOOOOO
00 VOOOODO Rw)OOOOOOoOoOoOODO

R(w) = Vdiag(\y, ..., \p,0,...,0)V ! (3.7)
ooooooo vvPfP=rov?=v-'00OOvOoOoD RwOOOOODOO
VIRV = [V Alp[VT A" = diag(\y, ..., A\p,0,...,0) + oI (3.8)

000000000000000000000000000000000000 (V, =
[v1,...,vp] for A,..,A\p) 00000000000000000 (V, = [wpy1, ..., 0u]
for Apy1,..., \y) 000000000 (3.8)000

[VZAlp[VE A" = diag(\i, ..., \p) (3.9)

VEAp[VZAY = diag(o, ..., 0) (3.10)

0000000 (3.10)000V O A(w)0OD00D000000000000A(w)
000000000 (signal subspace) 0 0O 0O 0OV, 0O signal subspace 0 000 OO
ooooov,000b00bo0ob0ooobooogon

gbooobooboo pPOO

1

P ) =
@) = Ve P

(3.11)

D0000000a(w,$)00000wDO0006000000000 (=00000
0D0000)000000000000000000000000000a(w,6)00
000000000000000000000V,0000000000 (3.11)000
0ooooo
MUSICODOO0000000000000000000000000000000
00000000000 MUSICOOO0O000000000000000000000
00000000000000000000000000000000000000
00oo0o0o00 (510

MUSICOOO O0O00O000000000000000000003400000
00O0O0OMUSICOOOOO0O00000000000000000000000000
000000000000
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MUSIC Spectrum

300
m’' 200
S,
Ko
>
4 100t
A O
-100 -50 0 50 100
Direction [deqg]
(a) 300 Hz
MUSIC Spectrum
300 ‘ ‘ ‘
m 200
S,
[
>
4 100}
L
-100 -50 0 50 100
Direction [deqg]
(b) 800 Hz
MUSIC Spectrum
300 ‘ ‘ ‘
m' 200}
S,
Ko
>
4 100t
AV A
-100 -50 0 50 100
Direction [deqg]
(c) 3000 Hz

034 00000000 ecemO0000O000OOMUSICODODOODOODOODOODO
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3.23 U0OO0U0bobooobooboooobn

N000000000000000000000000000000000000
0000000000000 0000000000000000000000000
00000000000000000000000000000000000000
0000000000000 0000000000000000000000000
00D000000000D00000000000000000 [52-550

00000000000000000000000000000000000000
000000000000 (30000)0000000000000 2000000
N000000000000000000000000000

N000000000000000000000000000000000000
N00000000000000000 v2000000000000000000
NO0000000000000000000000000000000000000
N0000000000000000000000000000000000000
N0000000000000000000000000000000000000
000000000000 00000000000000000000000000
N00000000000000

000000000000 000000¢t000000000 s()0000000
/0 00000000000000 0000 ¢0000000000000000
000000:00000000000000000 w(t)0

w;(t) = :is(t —r;/c) (3.12)

0000000000 c¢0340m/s(00 150)0000

gbbobbbogouogoubooobob,gbogoboobboobooogon
gobobdbobboogobbooooooboboboooobbobobooognn
gog3gubboooouoobboobuoooobboobooobuoobo3gooboon
gbbuobououobbbobobobbboooobooboboobbbooboon
O0000O000000oOo0o0O000ooooooooOoOooooDoOD 3.12)000
goooobobuogoobboooogoboubbobi1obbboooobo20
gbobodboobobooooboboouoboogbooobbbbooboobooobann
gbodg3000boboogao

0000000000 00O000o0O0OCo000000d e(w,®)000O (3.11)000
OO0000000DbwwOODOOeOOODOODDDDOOOOOOOOOOODOO0 w
00000 (»,y,2) 0000000000000 (x,y,2)0¢0000000000O0
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goobbbodboodtb e0d3pbboooon

1
ai(waxay’ Z) = —el¥% (313)

T

00000000i0000000000000 (T, Y, 2mi) D 000 O

ri =\ (@i — )2 4 Ys — Y)2 + (2 — 2)? (3.14)

goodobobegoobbbon

3.3 Uooboobbooobobouuoboooobggn
3.3.1 UUoubooooooobuooooo

OoooOoMUSICOOOOOODOOOOODOOODOOODOOoOoOoOooOoOoDO
Loo000O0000000000 (o000 DL)D0DDUooDoDoOOoOlbDoo
gooobdd
Ft)=aF(t)(=1,2,..,Liag=1) (3.15)

obo00bdOObO/00ob01b000ob00bobo0oooboobobobooobOoDo
O000000000000000O0 FHOoODOoooooo

F(t) = [Fi(t), Fa(t), ..., FL(t)]"
= [ F(t), a1 (1), ...,a  Fi(1)]"
= F(t)]ay,ag, ..., ar)”

= (o (3.16)

a = |a,ag, .. ap)” (3.17)
00000000000 350000 MOODODODOODODODODOODODDO (OOODOOO

O00:d)00000000000000000000000O00000 NHoOoooo

X(t) = [a(61),a(Bs),---,a(0))] . + N(t)

— F(b+ N(t) (3.18)
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gogobboodaao

L
b = > wa(b) =Aa (3.19)
=1
A = l[a(0),a(02), -, a(0)] (3.20)
a(t) = ﬁxﬂmwmwaWWAWWf (3.21)

00000 (3.18)0 00 10000000 0DODO00O00 bODUODODODODOD
oooboooooob0 R, 00000000O0DO

R,. = E[X(#)X(1)"]
= AE[F(t)F()"]|A" 4 o*1
= P Aaa™ A" 4+ 521

= Pbb" + oI (3.22)
0000

o’ = E[N@{)Nt)"] (3.23)

P = E[Fi(t)[] (3.24)
0000

D000 R, 0000000000 P =R, 00000000000000
000000 00000000 00000

Rssei = Plbeei = U;€; (Z = 1, 2, cey M) (325)

ooooboobob0 RsO0DOOD0OODODOOODLObOObObLOOOObO0OD1D0000
gboobobobbooon

efle, =6y (i,k=1,2,...,M) (3.26)

0o00ooOoooDoooo (OOoO0OooOUoooooo)ooooooogo

> pg = ... =y =0 (3.27)
O000000O0oooo
R.b = (Pibb")b = Pib(b"b) = P ||b||*b (3.28)
b b
ol 1 ]
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= Direct wave

------- Reflected wave

O O O O O
[l

O Microphone

U35 0000dbgooooooonon

ogoooood
b
€l = 7 (330)
1B
i = PyJbl? (3.31)
ogoon

D0 R, =P 0000000000000000000 R, =R +02I00
000000000000 (3.25)0000000000000000

R..e; = (Rys+a’le;
= R.e; +o’€;
= e +o’e;
= (m+o)e
= \e; (3.32)
O0O00R,, 00000000 R,O000D000D00000D0O0OOO NDO N =p+0?

oood
)\1:}11+02>/\2:... :)\]\4:0'2 (333)
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D0D0D00000 (3.26)00 (3.30)000
be; =0(i =2,3,..., M) (3.34)

00000 (3.33)0000000 R, 0000000ODOOUOD 1000000 ODOO
ooooboboLboobbbobbboooobbobobooobboobooboboDbo
oob0boO0ooboooobob 1oob0ob00obooboooboooooooooMuSICcOH
goodobboboooboobobbbooooboobouooooboobboaan
{es,e3,... ,eny} 000000000000 (334)000000BOOOO0O0OOODb
00 (3.199000L00000000000000DO0D0DO0DO0DODOOOMUSICOOO
gobogobbbouoogobogbuoobooboooobobobboooogoob
gogboboboooobobooon

3.3.2 U0OOOOoooon

guobbgbogooboobobbbboboooobbobobobobobbboao
ggobobbdgooboobdooobbobobodoooobbbboooouoobon
000000000000000O00000000000O0O0O0O0 (DoDoOooooo
0)0000000000000O000O0O0DO0O0O0O0DODOOO0ODOODOOOODOO
goggbbboodbobbbdooooobobobooooobbobboooon
000000000 00ooooOoOoU0oOoo0Dooooooo(oooO0)ooo
0000000000 0000D0O00OC0C0O0OO0O0OC0OOO0UOUOOODOOOOOO (O
00000) 4400000000000 00000O0O000O0O0OO0OOOOOo
ggobbobdboodoobbooooooobobobboobooooboon
gbogogooooboobobboboboooboobobobobobbobo
goboooooogosebooMOOOOoooOoDOO0OO0 KOoOoooooooo
100000000000 N(=M-K+1)OOOODDOOoOoooooooooooo
000000000 (0000oooD)ooo0oocU0oO0OoUODOooUoooDooOooO
gooobgbbobobooboooboooooboobooboosrobog

OooooooooooOao
X(t) = [21(t), 2a(t), - - -, ()] (3.35)
00000000000 (KOOOD)OOOODOOO X,(0)O00O
X () = [20(t), 2sr (), 2nsr1 (D] (0 = 1,2, ..., N) (3.36)
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X1 X X3 X4 X
999 f 9

Subarray 1
| |

Subarray 2
| |

Subarray 3

036 000000000000000DODO0ODOD0

g 3n3000000000000
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000000000000000000000000 (0-,000000)0000
ooooo
R,. =EX,)X,)"](n=1,2,..,N) (3.37)

000000ooooooooon z,r=1,2,..N)0OOO NODODOOODOO
0000 (0000)00oo0000000oooooooo

N
R..=) =R, (3.38)
n=1

booooboboboobooood R, 000000000 DO0OO0O0ODO0ODO
Ub 000000000000

N
Yoam=1 (3.39)
n=1

MUSICOOODOOOOOODOOODOOoOooOoooooboooobboooogo §s=
E[F(t)F(t)")0 0

S = Piaa’ (3.40)
gggoogbbiliobobbobbbbodododgu 1gbboboooobboooobobd
U Lrggoobooouooobooo o

P, 10,
S = (3.41)
0, P,

oooooopooo0odu Looboooooooooobooooooogoogo s
0000000000 (L)00o0o00000ooD0oo0oooooDoooooooooo
gooobbbooobbood 200

zn=—=(Mn=1,2,...,N) (3.42)

gogdbubuodgbbooooobodooad
ggbdodlguobodoouogboooban

X (t) = AF(t) + Ny (t) (3.43)
A =la(0)),a(6s), -, a(6))] (3.44)
a(f)) = [1,e79wbmi .. emdeMDdIO] () — 7 9 L) (3.45)

ooooN,(()000000100000000000D000000O0000OO0OO
gobogodogouoogbboooobon

X,(t)=AB"'F(t)+ N,{t)(n=1,2,...,N) (3.46)
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OoOoobob0ppOoUdOooooobbO Lcobbooboboboo

B = diag(vi,va,--,vp)

vi 0 -+ 0
0 vy -+ 0
= | . (3.47)
0o 0 - ug
v = e WO =1 9 L) (3.48)

O0OO0ON,(tH) DO n000000000000000O0ODO0O0OD0O0D0OORRODO0OOO
oo0odb0 R,,000000000

RZm = E[Xn(t)Xn(t)H]
— AB"'EB[F()F()")(B")Y A" + B[N, (1)N,(1)"]
= AB"'S(B"YIAY 4 oI (3.49)

gobboubdobbbooobbbbobbobbboboooaoo

Rmx = A7 Z
_1 N
= Al X B 'S(B" Y| AT + o1
n=1
= ASA" 45’1 (3.50)
oooo
_ 1 N
S=—_% B"'sB" " (3.51)

Nn:l
KOOOODOOOOOoODO10O0OoODooooooooo SO0 (3.40)0 000 Orank(S) =
1o oooooooood S’DD(3.51)
00 (340)0 000000000000 O0DOOOODOOO

_ 1 N
S = NZBM(PlaaH)(BM)H
n=1
N
— Z Bn l Bn 1 )
_ o ;
. (Ba)
= ]\;[a Ba, B’a,---, B" 'a] (B*a)”
I (BN—la)H ]
_ Dion
= NCC (3.52)
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good

C = |a,Ba,B%,---, B q]
a1 V10q 1/12041 s va_loq
Qo Lty Viag - va lag
oy VLo, I/%OéL VivflozL
= Dy (3.53)
oooad
(03] 0 0
0 ay - 0
D=| . . . (3.54)
0 0 0 ag
L v, v} - vt
1 vy v2 - !t
I (3.55)
1 vy, v2 .oyt

0(3.52)00000 800000 LxNOOO COO0D0D00 00000 O Orank(S) =
rank(C) D0 000000 (3.53)000C=PY0000 PO LxLOOOOOO0O
O Orank(C) =rank(V) 0O DO OOOOOOO VO L x NO vandermonde 0 00O
OON>LO000000Orank(V)=L0O0O0O [61]O000000

rank(S) = rank(C) = rank(V) = L (3.56)

0000000000000 00000000000 SO00000 LOo000ooo

gooodoboobbobooo R 00000 bOO0bObObOO0O0bboOobOobDOoon

OOo0o0oOooooooMUSICODODDODODOOODODOOODOODOOODOODbDOobOO
0000000000 000O00ODO000 (DbOo0obOoO)0oDOoo

N=M-K+1>L (3.57)
0000000 MUSICOOOOO00000
K>L+1 (3.58)
000000000 (35700 (3.58)00
M=N+K-1>L+K—-1>2L (3.59)

0000000000 2000000000000000 [56]0
00 [pb7-60)00000000000000000000O00O00O00O0O0OOOO0
gboogag

46



3.3.3 UUpoouuoooon

0000000000000000000000000000000000000
0000000000000 0000000000000000000000000
D0000000000000000000000000000000
000000000000 0000000000000000000000000
000000000000 D00000D0D00000000000000000000
0 [62-640000000000000000000000000000000000
0000000000000 000000000D0000000000 200000
D0000000000000000000000000000000000000
000000000000 00000000000000000000000000
00000000000000000000000000000000000000
0000000000
D000000000000000000000000 PO0ODOODO0 Q4=
{61,6,,---,6p} 0000000000 000000000000 «e0000000O0O
A6,)0000000000000000000000 @000000000 A(Ou)
O000AO,O0000 AO,)0 0000000000000 MxPOOOOOO

A(Oan) = [a(6:) - - a(0p)] (3.60)

A(Oan) = [a(61) -~ a(0p)] (3.61)
000D0a&@)D000000000

a(t) = [L,n(0),n(0)*, -, n(®)" '] (3.62)

()0 00000000000000000000d00000000000000
0000n#) =e»sn0000000
000000000000000000

A(@all) = BA(@all) (363)

0000 M <POOOOOODO 363)000000000000OO0OO0OOOCDOO
000 363)0002000000000000000VY,, 000000 BOOOO
OB O0O00O00O0O

Yan(B) =|| BA(@all)_A<@all) HzF (3.64)

D000 Q ||2=trace(QQ)D0D0DDODODO
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0@B64)000000000000000O00O0O00OO00OOOODOOO B'OOO
goboobobboobo ROODOODDODDODOODO

R =BRB" = AR;A" + s2B'B" (3.65)

A =BA (3.66)

R0 0000 s(#)000000 (Rs=E[s(t)s()¥]) 00000000R 0000
oo0ooooogn
Y 1 N —,
R=_YR, (3.67)
Nn:l

RO0O0O0MUSICOODOO0OD0O00R.00-000000000000NO0
00000 (=0000000)0000

036400000V, 00000000000 BOOOODODOOOA ¥AODO
OOR 00000000 O00OC0OOO0O0OO0COODONONOONDONOOONOOooOond
0Di000000000000000000000000 A;0

oooooooboobooooobooboboboboobooooooooRrR, 0000
gbbooggobobobdodogo

gbbobooouogbooboboobobobobobobboooouooboboobooan
000000000 00oooooo v, 0000000000000000 (3.68)
gboogbooboboooobbobooooobbogg

00000000000 [e2l0000000000O0bO0D0OoDooooOUoOoOoo
Oooobboey 000000000000 DOOOODObOOOOODOODOOO
ODOo0ooOO0ooDOoOooDooooboe,y,000DC0O0O00O0O0OODOnOD 40
0000000 368) 000000000000 0000O000OOOOO0OOOOO
O000000000000000000000000D0D0O0OOOd MUSIC (Stepped
InterpolationSSP MUSIC) O [66]0 00000000000 00O AVW O (Adding
Virtual Waves 0 ) [66)0 00000 [67/0 00000000

34 U0O0OUOOOOOOOOOO0OOOO

gbbogoouoouogssbobobobbobodoooooouooooogbooon
O0000ooooooooooooobboooooo MUSICOODOoooOoooooo
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O0000000000000000000D00000000000000000AD0 (=
000)00000000000000000O0OOOOO00oooOO

jdgupooouogobuboooboooboobboobbbuoobobuoobod
goobbboobbbbooobobbobboobobobooboooo 30ugo
gobbobodobbbobobbduoooboboouooobbuooobdobbobda
goooboooosgbobobbbobobobooobobobboooobon
gobon

3.4.1 U0OO0OO0OOOOOOOOOOO

gobbobuobodoboboooooboboobooboboboooooon
gobogbobbobddbooobobooobooooobobooouboobbg
0000000000000 00O000ODO0O00000DOOO00ODOOD (3.63)00
o000 BpUOOO0ODLOOOOODOOODOOOODODODODODDOODODODOOOD
gobobodoooobobuoobooouobboouoooboobbooboon
gogoboboouooobbbooobobbobouooouoobuobooboob
gboobobooggbbbobobbobaonbd
gbobdgboboobobooobooboboboaboboooobobobbboooood
gbobdoooooboboobbbobooboooboobobbbooobooobon
000000000000 (3.62) 0000000000000 0ODODOODOODODOOO
gbogouobboobbooboooboobooobobboobbuoboooo
gobooooobbboobbbbboooobbuoboobbb
gubbobobobobbbooooooooboobbbooboooobobb
goobobobouggbobuooooobbbbouogbooboooodgbbood
gbobg3bugobobouoobbbboooooubooobobobooo

3.4.2 300000O0OOO0O0O0OOOOOOOO

001000 (3.11) 0000 pPOOOOOOOOOOOOOOO [62-6400000
goobobooooouoboooobobobobooobbboooobobb oo
gboodgbdobbobbuooooobooobd

gobobobboobobbdooobbobbboooooooobbooobobb
guouguoubobooog3ssuugboogboooooboooboabog
gbobdobbobbobobboboboouob nboooobobboooboobo
O00-000¢t0000000000000 z()0D000000¢t0D0000000
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00000 Z¢)000000000000

2 (1) = La(t)e =) (3.70)

gogobbougoooboooooboobbbooobbobobbooooon
ooo0oDOOoOooO MUSICOODOODOODODDOOOODOO

Dob0ooooobooooboog3sbbgbb3guub400000000
Doooooooboobogbooboob 1bb040000000000000
gbgogubobiobtboudoog 20000boooboboobbbboobd
gbobbobugbbouooouboobobbbuooobbbuoooboboboo
gogbobbbooouoboobobobooboogoboobbobbbobbod
guooobboooob igbbooobbobo200b0bobooobooobon
ggodboobobooooobbboouobobobobobboooobbbbbooo
goboboboooooon

Real set 1

Virtual set 1
.2 Red set 2
L z0
Search point -0
Virtual set 2

038 000 1gbuobboodg 200000000 oooboon
goboogoobooooon

OOoooOobooobobooooooMUSICOODOOOoDOOobDOOobObOOobObOOoOooo
gboboobooooobooobobbboooooobobobobobooobobobo
goobbooobbboobuobooobobboobooboobobbbobbb
OooeO0O00OO0ODODODOOOODOODODOOODOOOODOOODOOD
gobobboboogsbuabbuobbooobobbuobbbobboobuobogn
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oot odouoootooooouooouooooodn
dddooo3dtdoooooboboboonoouobobooooooooboooooo
gooododuouoouooouoouoooouoo =000 ooou oo
000d0dodooooooooboobDoObOo00oooooo MuSICOODOoOoooono
000000000 e 0000000000000 oo0oooooooooon
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033000001 (0o0o0oooo)ooooo

(a) MUSIC

e (m) [y(m)[zm)] P | &
1.50 2.20 1.40 | 10.60 1.0
1.50 2.20 1.50 5.62 | 0.530
1.50 2.20 1.30 5.60 | 0.528
1.60 2.20 1.40 5.30 | 0.500
1.60 2.10 1.30 5.14 | 0.485

(byOooooo

z(m)|y(m)|z(m)| P k
1.50 2.20 1.40 | 9.52 1.0
1.50 2.30 1.50 | 5.29 | 0.556
1.50 2.30 1.40 | 5.26 | 0.553
1.60 2.20 1.40 | 5.22 | 0.548
1.60 2.10 1.30 | 5.14 | 0.540

(c) RAP-MUSIC

e (m) [y () [z(m)] P | &
1.50 2.20 1.40 | 16.60 1.0
1.50 2.20 1.50 5.33 | 0.321
1.50 2.20 1.30 5.05 | 0.304
1.60 2.20 1.40 4.21 | 0.254
1.50 2.10 1.40 3.97 | 0.239
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034 0000020000)00O0O0OO

(a) MUSIC

e () [y () [=(m) ] P | &
1.50 2.20 1.40 | 7.29 1.0
1.50 2.20 1.50 | 3.88 | 0.533
1.60 2.10 1.30 | 3.70 | 0.508
1.50 2.20 1.30 | 3.65 | 0.501
1.60 2.20 1.40 | 3.50 | 0.480

(hyOOOOOoOo

z(m)|y(m)|z(m)| P k
1.50 2.20 1.40 [6.63 ] 1.0
1.60 2.10 1.30 | 4.16 | 0.628
1.50 | 2.30 1.50 | 3.69 | 0.556
1.50 2.10 1.40 | 3.58 | 0.540
1.50 | 2.20 1.50 | 3.56 | 0.537

() RAP-MUSIC

z(m)|y(m)|z(m)| P k
1.50 2.20 1.40 | 1194 1.0
1.50 2.20 1.50 | 4.67 | 0.391
1.50 | 2.20 | 1.30 | 3.76 | 0.315
1.60 | 2.10 | 1.30 | 3.57 | 0.299
1.60 2.20 1.40 | 3.04 | 0.254
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035 00000300O00)D0D0O0O0ODO

(a) MUSIC

r(m)|y((m)|z(@m)| P k
1.50 | 2.20 1.40 | 2.60 | 1.0
1.50 | 2.20 | 1.30 | 1.79 | 0.689
1.50 | 2.20 1.50 | 1.74 | 0.671
1.50 | 2.30 1.40 | 1.65 | 0.634
1.50 | 2.30 | 1.50 | 1.65 | 0.634

(byOooooo

z(m)|y(m)|z(m)| P k
1.50 2.20 1.40 | 2.43 1.0
1.50 2.30 1.40 | 1.68 | 0.689
1.50 2.30 1.50 | 1.62 | 0.664
1.50 2.20 1.30 | 1.58 | 0.650
1.50 2.10 1.40 | 1.56 | 0.640

(c) RAP-MUSIC

ot (m) [y () [zm)] P | &
1.50 2.20 1.40 | 4.18 1.0
1.50 2.20 1.30 | 1.82 | 0.434
1.50 2.20 1.50 | 1.77 | 0.423
1.50 2.30 1.40 | 1.38 | 0.330
1.50 2.30 1.50 | 1.36 | 0.325
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0 36: 000004 (00100000000 &O0O0200000)00000

(al) MUSIC(D O 1)

(a2) MUSIC(D O 2)

z(m) |ym) z(m)| P | k z(m)|y(m)|zm)| P | &k
1.50 | 2.20 | 1.40 | 1049 | 1.0 310 | 1.65 | 1.70 | 6.92 | 1.0
150 | 220 | 1.50 | 6.60 | 0.629 310 | 1.65 | 1.80 | 5.96 | 0.861
1.60 | 2.20 | 1.40 | 6.34 | 0.604 310 | 1.65 | 1.60 | 5.60 | 0.809
1.60 | 2.10 | 1.30 | 6.34 | 0.604 310 | 1.55 | 1.70 | 5.55 | 0.802
150 | 220 | 1.30 | 6.05 | 0.577 320 | 1.65 | 1.70 | 5.51 | 0.796
(b)) 00D0O0O (0O 1) (b2) 000000 (0O 2)
z(m) |y (m) | zm)| P | &k z(m) |ym)|z(m)| P | k
150 | 2.20 | 1.40 | 941 | 1.0 310 | 1.65 | 1.70 | 6.73 | 1.0
150 | 220 | 1.50 | 6.45 | 0.686 310 | 1.55 | 1.70 | 5.33 | 0.793
150 | 2.30 | 1.50 | 6.42 | 0.682 310 | 1.65 | 1.80 | 5.16 | 0.768
1.60 | 2.10 | 1.30 | 6.38 | 0.678 310 | 1.65 | 1.60 | 5.04 | 0.749
1.60 | 220 | 1.40 | 6.18 | 0.657 310 | 1.75 | 1.80 | 5.04 | 0.748
(c1) RAP-USIC(O O 1) (c2) RAP-MUSIC(O O 2)
z(m)|y(m)|zm)| P | k z(m) |ym)|z(m) | P | k
1.50 | 220 | 1.40 | 13.49| 1.0 310 | 1.65 | 1.70 | 8.05| 1.0
150 | 220 | 1.50 | 6.79 | 0.503 310 | 1.65 | 1.80 | 5.75 | 0.715
1.60 | 2.10 | 1.30 | 557 | 0.413 310 | 1.65 | 1.60 | 4.29 | 0.533
1.60 | 2.20 | 1.40 | 5.04 | 0.374 310 | 1.55 | 1.70 | 4.01 | 0.499
150 | 220 | 1.30 | 4.67 | 0.346 310 | 1.55 | 1.60 | 4.01 | 0.498
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03700000500 100000 &OO02000000)0O0ODODOO

(al) MUSIC(D O 1)

(a2) MUSIC(D O 2)

z(m)|y(m)|z(m)| P | k z(m)|y(m)|z(m)| P | k
150 | 2.20 | 1.40 |9.98] 1.0 310 | 1.65 | 1.70 | 3.29 | 1.0
150 | 220 | 1.50 |4.60 | 0.461 2.90 | 1.75 | 1.50 | 2.98 | 0.905
150 | 220 | 1.30 |4.48 ] 0.449 330 | 1.65 | 1.70 |2.96 | 0.899
1.60 | 2.10 | 1.30 |4.39 | 0.440 2.90 | 1.65 | 1.80 |2.96 | 0.899
1.60 | 2.20 | 1.40 |4.15] 0.415 330 | 1.65 | 1.60 | 2.95 | 0.897
(b)) DDDDDOO (0O 1) (b2) 000000 (0O 2)
z(m)|y(m)|z(m)| P | k z(m)|y(m)|z(m)| P | k
150 | 220 | 1.40 |9.11] 1.0 310 | 1.65 | 1.70 | 2.92| 1.0
1.60 | 2.10 | 1.30 |5.03 | 0.552 310 | 1.45 | 1.80 | 2.72 | 0.932
150 | 2.30 | 1.50 |4.47 ] 0.491 2.90 | 1.45 | 1.90 |2.63 |0.902
150 | 210 | 1.40 |4.35] 0478 290 | 1.45 | 1.80 | 2.60 | 0.891
150 | 2.30 | 1.40 |4.26 | 0.467 320 | 1.45 | 1.90 |2.59 | 0.889
(c1) RAP-USIC(O O 1) (c2) RAP-MUSIC(O O 2)
z(m)|y(m)|z(m)| P k z(m)|y(m)|z(m)| P | k
150 | 220 | 1.40 | 1653 ] 1.0 310 | 1.65 | 1.70 | 2.70 | 1.0
150 | 2.20 | 1.50 | 5.80 | 0.351 2.90 | 1.75 | 1.50 | 1.87 | 0.695
1.60 | 2.10 | 1.30 | 4.76 | 0.288 2.90 | 1.65 | 1.50 | 1.78 | 0.661
150 | 220 | 1.30 | 4.42 | 0.267 3.00 | 1.65 | 1.50 | 1.77 | 0.658
1.60 | 2.20 | 1.40 | 3.66 | 0.222 3.00 | 1.55 | 1.50 | 1.76 | 0.654
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038 00000000100000000004 (00100000000 &0O0O
200000)00000

(al) MUSIC(O O 1) (a2) MUSIC(O O 2)
z(m)|y(m)|z(m)| P | k z(m)|y(m)|z(m)| P | k
150 | 220 | 1.30 |9.35 ] 1.137 150 | 220 | 1.30 |9.35 ] 1.137
150 | 220 | 1.40 |822] 1.0 150 | 220 | 1.40 |822] 1.0
150 | 220 | 1.20 | 7.440.905 150 | 220 | 1.20 | 7.440.905
1.60 | 220 | 1.40 |6.38]0.776 1.60 | 220 | 1.40 |6.38]0.776
1.60 | 220 | 1.50 |6.12] 0.745 1.60 | 220 | 1.50 | 6.12] 0.745

(b)) DODODOOO (0O 1) (b2) 000000 (0O 2)
z(m) |y m)|z(m)| P k z(m) |y m)|z(m)| P k
150 | 220 | 1.30 | 12.71 | 1.142 310 | 1.65 | 1.70 | 10.09 | 1.0
150 | 220 | 1.40 |11.12] 1.0 310 | 1.65 | 1.60 | 6.04 | 0.599
150 | 220 | 1.20 | 8.27 | 0.743 310 | 1.65 | 1.80 | 5.85 | 0.580
150 | 220 | 1.50 | 6.55 | 0.589 310 | 1.65 | 1.90 | 451 |0.447
1.60 | 220 | 1.40 | 6.25 | 0.562 310 | 1.65 | 1.50 | 4.13 | 0.409

(c1) RAP-USIC(O O 1) (c2) RAP-MUSIC(O O 2)
z(m)|y(m)|z(m)| P k v (m)|y(m)|z(m)| P k
150 | 220 | 1.40 |13.69] 1.0 310 | 1.65 | 1.70 | 12.98 | 1.0
150 | 2.20 | 1.30 |13.37]0.976 310 | 1.65 | 1.60 | 8.60 | 0.662
150 | 220 | 1.20 | 9.15 | 0.668 310 | 1.65 | 1.80 | 7.14 | 0.550
150 | 220 | 1.50 | 8.98 | 0.656 310 | 1.65 | 1.50 | 6.58 | 0.507
1.60 | 220 | 1.40 | 6.44 | 0.471 310 | 1.65 | 1.90 | 4.96 | 0.382
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3.5.6 U0

0330037003140000030000000000000MUSICOOO00
DO0OORAP-MUSICOO 000000000000 000 POODOO0OOOOOO0O
D00000000000000000000000000000 RAP-MUSICO O
000000000000000000 k0000000000000000000
00000000000000000000100000000MUSICO00000
0000000000000000000O0RAP-MUSICOOOOO000O0O0O0OO
D000O0O0O00RAP-MUSICOOO0000000000000000000000
0000000

03.150 (al)0(b1)0(c)0 0000000000 100000000000 MUSIC
00000000000000000000000000000000000000
000000000000000000000000000 10000000000
00000000000000000000000000000000000000
0D0000000000000000000000000000000000000
0000000000 RAP-MUSICOOOO0000000000000000000
00000000000

3.6 OO0

gboboobodbboouoooobbbobuooobobooobooonoon
gobboobobogboogooooobobobobobbboooobaobboon
gbboogoboguboouboobobboouobobbobuooooobonn
gbogbobobbboooobbbobobooobboobbuoooooobobobonbo
goobbooboobdoooboooooobobobbobbobbooooon
OoooooooMUSICOOODOOO0OO0OOODLOOO0OoOooooooboooDDoMUSIC
goboboboodbbbobboobobbbobououboooboooooooobb
OOo0oooobooboooboboboobooobooooooMuSICOOooooooonoo
O000ooboo0O0oOoobobOooooboobboooooobono MUSICOOO
godgbbooobodgobodgoouobbboobobobbouobobobobogo
gobobbdoogosggooobuoobgoobobobbooooooooobooan
gbooooobboobobbooboboboboboobobobobooooobo
Oo0bDOoOooOoOooooOOoOobDOoOobOOoOobDOoOOoOooooboboooboOoOog MUSIC
OOO000O0Doo0 RAP-MUSICOOOOOOOOODODODOOOOOODODOOOO
gooobboooouoobbbbbooooboboobuooobbobobooon
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O0O00DoOooooooooooMUSICOCOODOOOOORAP-MUSICOOODOODO
OO0O0000O0OO0ORAP-MUSICOOODO MUSICOODODODOODOODODODOOO
gbhoboboooobbobooobbobboo
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40 UOUOOOOOUOODOOOOODOO
Jooobobotod

4.1 0O0O0OO

oo bbooobboooboobbbooog
goooobobbooobbboboboog

gbles3idbooobobooubuooboooobboobboobobnon
gbooubobbbogbooooobb bbb ooobobboobooboo
goodgboooouoobobobobobooodouob bbb oobbuoboooog
ggoobobobboobbbobooobbbboooooobobobobboooobooa
bbb ooboooooonboo

gododiboboboooodooob bbb bbb oo
ggobbboooobooooobobobboooobboobooobbon
goooboooobooooobboboboobooooobo0obDooooobU LIME
000 000 (Llnear-predictive Multi-input Equalization) 0 00000 OO [70,71]0

gooLiMEOOUOODOUOob obooooobuooboooooobboobbooo
O0o00ooobOo0o0ooO0oo0obobobO0oboo0oooboDbDOon 8kHzO 16 kHzO
bbb bob oo o
gogdboooboboobboobboooooobboooooooboonooooon

godoobbbobobodooboobooobbobbobooobob
gbbbooooboogbbobobooooobboobobbooobbobbo
googooboobobodob LIMEDODO ODOooboboobooooobbboogoo
gogdobgbobobbodboooobuooooooobobobobbobaoo
gbbbogdbogoogbbbboboooobboooooobooboboobnbon
gobouoooooogood

4200 000000000000 O00DOOO0DODOOOOOODODOO0OO MINTO
00000000430 00000000000000000 (=000000DO)0OO
goobobbobboboboboooobobbobbooooobobobbooobboon
goodbbdooo44bpoboobbooobotboooooobobobboobn
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ggbobobooboobooboboboobobbooLLIMEOODODOOOoOooog
Oob045000 LIMEODODD ODOOOoUOOobObOoOoOoobooobbooobboon
Pre-WhiteningO DO 00000000000 O0O0O0OO0OOOOOODODODOO
gd4e00000000000O0OO

4.2 MINTOUOUOOOOOOOOOOOOOO
42.1 00000OO0DOOO

0000000000000 0O0O000D0ODO0DDOD0O0DODOO0O0OD (=0000
O000)0000 (=00000)0D0000000C00D0U0DU0oDOoDOooooooon
gbgbouodbgbuootogbobboub bbb bbbuobnuooogo
gogodo

000000000000 0000 000 H(>»)ODODDOODODODO G(z)00O0O
0000000 G(z)000

H(z)G(z) =1 (4.1)

00000000000000000000000000000O00O0 (=0000)
000000000000000 (nonminimum-phase) 00000000 [72)0

00000 (minimum-phase system) 00 00 0000000000000 000
0000000000D000000000000 G(>»)0000D0 G(»)=0000 2
gboooooboooodobooooboooboooobooooooddgooooon
oobooooooboooooooobooooooooooooooooooooaoao
000000000000 000000000000000000000000 G(2)
000 20 :000000000000002,=e*0000000000000 w,y
0000000 G(>:)00000000000000G(:)000000000000
gobobooboooobooboooobOoobbobbtdw,000O00ODO0O0O00O0O0O0
goboodoooodogobobooboooobooobbooooodgodgood
goobooobooobooooooooobodooooobooooognoooooogn
obooboooodooobooooodboogooobooooooooooooaoo
Ooooogbooobooooboooboobooooooooooooooooooon
0000000000000000000000 [50]0

OOo0oooOOdlogl1obobboodoooooodoooooooonoooboooog
00000000000 [r4-770
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4.2.2 MINT

00 0 00 O Multiple-input /output INverce Theorem(MINT) D OO OOOO000OO0
guooboobbbogbouooooobbobbooooooubbobobooooo
0000000000000 00000000 [BUMINTOOODODOOOOOOO
gdbooooooooooooobooboboo 100 pPO0O0U0DCDO0DDOOOOO
goooobooo

000000000 +«0000000000 k(n)DOODOODODOO MOODODO
obobbooboobobooobobooboo0oboobHOUObODODDOODODbODOD

H=[H,, -, Hp| (4.2)
:(0) 0 0

Ho= | n—1) 0 (4.3)
0 hi(M —1) hi(0)

oooobob GhOooooboooooobg

G=lgi, - gp (4.4)
0o0o
g = [9:(0), -+, (L = 1)]" (4.5)
0000000000 LOO .
L= (4.6)

ooooooboHOOOoOobObOobDobobooooboobooboobogooogoo
000000 (46) 000000000000 GOO

G=H'B (4.7)

O0ooHOOO0OoOooooooooooouoooooo
P
S Hi(2)Gi(z) = 1 (4.9)
=1
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googobbobouoooogobooboooobobooobobbooooooon
goooo
MINTOOODODOOOOoOOooooooboboooboboobooobooooboobooo
gobobobooooog
100 pODODOOOOOODODOD410000

Inverse based on MINT

r1(n)

g1(n)

.I‘
.+
L J

xo(n & y(n
s(n) i »O 2(n) " g2(n) D e

[, ....... e 1

L 4

Tp {'??_. }‘]

=
T
Eam
-3
=
S
W

gp(n)

Single-input P-output Acoustic System

041: 100 POOOO0OOO0OOOOOMINTOOOOO00000000000
(s(n)000000hmOODODO0D00004(nO000000g(ROMINTOOO0OO
O0y(n)O0O000)

00000 s(r)0000000000 0000000000 k(r)DOOO0OO0O00
0000000 (00000000 2000 S(z)0H,(2)0X,(z)00000

Xi(z) = S(2)Hi(2) (4.10)
O000oooooo 49000
ZXZ(Z)GZ(Z) = Z S(z)H;(2)Gi(z) = S(2) (4.11)

OO0O0OMINTODODOOODODOODDODOOOOoDOoDOODOoOoooOooObOoooboo
gad
gogbgbuoogoooobboouboboobobbbodgooooooboo
goboooubbdoooooobbbooobboobuobobbooouooooon
gboboboouoobdooooobodooboooooooboboboboouooobo
gogbgbbbooouoboooubbobooon

72



4.3 U000 dobobobdodbooouguboogd
Oooon

4.3.1 00000 OODODOODOOOOO

gboboubbdgboggbbobuoboboobbbbooobbbbbobbooaa
0000000ooobboob0o0obobboooooobDbOOSatoD oo
O [78]0

0000000000000 0o0o0o0oooo0oooooooooooog (78
O [79]0 0000 O Constant Modulus Algorithm (CMA)OD OO O0OO0O0O0O00OOO
000000 BDOo00000O00O00000o00O0n (Local Minimum) O OO0
gooboboobooooooobbobboooooob 20000000 bog 20
O00000000000000000 [81-84]0

0o bodgoouobuobobbobubuobbb oL ooobbn
0000000 :0000000D0 x4(n) 0000000 s(n) 0000000 O0ODO
0000000000000 A00000s(n)0 K,OODODDODDOODOOOO

xi(n) = s(n) * hy(n) (4.12)

00000000 (412)000040000000000000 ;000000000
h;(n)D 000000

zi(n) * hj(n) = s(n) * hy(n) * h; = s(n) * hj(n) * hy(n) = z;(n) * h;(n) (4.13)

000000000 4.13)0000000000000000O00O0O000OAR(n)O
h;n) 00000000 O0OO0OOO
gbooobobiobboooobooboboobdobbboboooboban
gbobooooobbobbobogbbdooboobuoooobbboooobbbod
gboggboobobobogbooobbobbob200b00bbogoboboboaon
0000000000 Least Mean Suquare(LMS) [85]|0 0000000000000
00000000000 (Oo000)oooooooooooooo

4.3.2 LMSOUOOOODOOOODOO

0000000000000 0 Multi-Channel LMS(MCLMS) [86] 0 000 O LMS
00000000000000000000
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000000 SIMO(Single-Input Multiple-Output) 00 00 42000000 4.10
O00000:000000000x(n)00000s(n)000000O0O00OO0O0OO

00000 (=0000000)0DDOO0O0D0O0OOOObOO
zi(n) =h;xs(n), i=1,2,---, P
JoooprPOD0O00O0OD0ODOO0OO0OU0ODODODODODOODDODO
x;(n) = H; - s(n)

gooooboboobbooboobobob MOooogd

x;(n) =[ x;(n) zi(n—1) - 2;(n—M+1)]"
hio hix -+ hiy—r O -0
0 hio -+ him—2 hiv—1 -+ 0
0 -+ 0 Ry hip oo hina
s(n)=[s(n) s(n—1) -+ s(n—M+1) - s(n—2M+2)]"

000O0s0000000000000
hz‘ = [ hi,() hi,l e hi,M—l ]T

0000
00000 (4.14)000

l’i*hj:S*hi*hj:Ij*hh 4,j=12---,P

goudbobobdodbbnnbododgbd

guoouodboobdobodbobuobb x, 000000

errzhz - R:rixjhjv Z?] = 1727 t '7P

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

D0000000R,,, =B{x@xI(n)}00000000P(P-1)000000

4

(4.23)



gogogooooo

Rh=0
gooooooobooooood
Zi;«él R$1$1 _Rmxl e _RﬂﬁMﬂcl
R — _R:wlwz Zi;ﬁZ‘Rwﬂi _RiJcMmg
_Rwlxp _szfEP Zi;ﬁP szrz
h=[h{ hy --- hp ]
ggoo
godouoooboooooooooo
~ ~ ~T ~T
h=[h, h, h, "

O0o0O0oOoOMCLMSOOOODOOD (4.21)000

E(n) — X?(”)ﬁ] - Xf(n)ﬁz, 7/ # j7i’j7 fd ]_7 27 SEI P
i 0, i:j)i’j’:LQ?”.’P

0000000000 0000o00o00
P-1 P
2
J(n) = Z Z eij(n)
i=1 j=i+1

gdodgbbodooobboboogon

~

h = arg min E{J(n)}

ODOOMCLMSOOODOOOOOOOODOOO hODDOODOO

. h(n) — 2u[R(n)h(n) — J(n)h
s 1) — ) = 20 R @) — T
[h(n) — 2u[R(n)h(n) — J(n)h]||
odbpddoboobobod
Zi;ﬁl Rz,z, _f{'{zm e _]'::{131:’931
R _ _R:xlxg Zz;ﬁ2szxz o _R:Cpxg
_Rxlxp _RZEQIP e E’L;ﬁp RZL‘ZZ‘Z

googd
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(4.24)

(4.25)

(4.26)

(4.27)

(4.28)

(4.29)

(4.30)

(4.31)

(4.32)

(4.33)



MCLMSOOOOOOOOODOOOOD hO0OODDDOOOODDOOO0O000O
0000 MCLMSOOOOOOOODODDODOODOD0OO0OO0O0000O0000O g7o00o
MCLMSO 2000000000000 00O00OO00OO00ODO0OO0O0OO0OO0 Logo
D0000D00000 hODODODDODDODODOO Multichannel Frequency-domain
LMS(MCFLMS)OD O OOooOoQOQOo [88-91)0

000000000000 0DO00ODOO0DoOoODOO0oODODO0ODODOoO00OooDDOooOd
000d0D0ood0DOO0DoO0o0o0oOOobO0oooD0ooD0oOoooooDDOo0Ooon

4.3.3 UU0OOLOUOOODOOOLOOOOOOO

00000000000000000000000000000LMSO000000
00000000 (0000000)000000000 [92-940000002000
0000000000000000000000000000000000 [93]00
0ooooo

00000 s(r)00000000000 10200000000000000 hy(n)0
hy(n)D0 00000 1020000000000 21(n)0zy(p)00000 420000
21(n)02,(n) 000000000 h2(n,i)0hy(n,d) 00000000000 e(n)0 O
0000h(n)0hy(n)000d0 FIROODODOODO0D0O0000000000000
00000000000000000Oe(n,i)0

~

e(n,i) = x1(n)* ho(n,i) — za(n) = hy(n, i)
= s(n) % hy(n) * ha(n, i) — s(n) * ha(n) * hy(n, )

~

= s(n) * {hi(n) * hy(n,i) — ha(n) * hy(n,i)} (4.34)

00000 (434)000:=d0000000O0O0O0O0O0O nO0O0OO e(n,é)=0000
gogd

ho(n,i) = ahy(n) (4.35)

000000000000 000000000000 (435000000 0e(n,d)=0
0000
e(n,)0000000000000000000000000000e(n,:)0000
000000000000 hl(n,d)0hy(n,9)000000e(n,)00000000

B{e*(n,1)} = B{h ()x()x" ()hi)}

AT

= h ())R(i)h(i) (4.36)
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Sound Field in a Room

042:00000000000000000 e(n,s)000 (s(p)000000A(R)0
0000000x(RrO000000KMOOO0DO0000000Oe(n,)00000)

D000hOOOODOOOOOOO:

h(i) = (4.37)

x()0OOD0O0DO0O:
z1(n)
zr1(n—1)

(i) = z1(n —1)
i=| (4.38)

xa(n —1)

xo(n —1)
RODODOOOOO:
R = E{x(i)x" (i)} (4.39)
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O000E{(}000000000000O0Oe(n,s)0 00000000 (4.34)00

=0 (4.40)

00000 (440) 000000000 0e(n,)00000000 |h(;)|0000000
0000000 hWG)OOODD0D0000R(EOOO0DO0O0O0000000000000O
00000000

D000 i(n)Ohy(n)0000000000000000000000000 (4.35)
000000000000000000000000000430000000000
00000000000000000000

x1(n)
g1 (”: f)

hy(n)
s(n) [(] / + 3

hi(n, i) —>E—> ep(n,i)

v

@)

+

> s'(n,1)

¥ |

> epa(n,i)

A 4

> go(n,i) ho(n, i) ;"
x9(n) +

@)

043 000000000000004000
043000000g(n,4)0ga(n,i)0 ho(n,i)0hy(n,s)0 MINTOOOOOO [73]0
D000 (411)0 P=200000000000000000000
Gi(z, i) Hi(z,0) + Ga(2, 1) Ha(2,1) = 1 (4.41)

000 0G(2,4)0 Hy(2,i)0 Gy(z,4)0 Hy(2,4) D000 O gi(n,i)0 go(n,d)0 hy(n, )0
hi(n,i)0 000000000 0000000000 g¢,(n,4)0 go(n,d) 0000 O
0000 s(n)000000000000 s'(n,4) 00000

s'(n,1) = x1(n) x g1(n,1) — xo(n) * g2(n, ) (4.42)
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gdogbbooouogobbbouooobbooad

B{e(n i)} | E{c(ni))
PEG) = Flaatyy T Bl @43

Oogdog

2 (n,i) = z1(n) — §'(n,i) * hy(n, i)

CID\
—~
S

.
N—

*

>

)
—~
=

~.
N—

ep(n,i) = 22(n) —

googoobobobb.guobogoooon iLQ(n,Z‘)DiLl(n,i)D sO0O0p0ooooOd
00000 z1(n) =s(n)xhi(n)0za(n) =s(n)xhy(n) 00 000000000DOO
000000000000000PE®G) =0000 ep(n,i) =00ey(n,i)=0000 0
gbobooobobboo

0000000000 PEG)ODDOOOOOOODODOOO
I = arg min(PE(i)) (4.44)

000000000 hi(n,i)0hy(n,i)0s'(n,i)000000000000

4.3.4 O0O0O0OO0OOOOOOOO

goooboobbbobda2bo0bdbbibooodgb200000b0b0bo0od
googogboobobooobbogbuobobooobooooobboboboboonb
gboboboboboubgoobuooooobobbooboobbbobobbbooon
gobboooooobooooooobobbooooooooobooooobooon
gbobobodbboggbbbiodobodoobobbouoboobbobdoooobodgda
gboggbdogbbbboouoddoooouobbuoooooobbooobboan
oobooLMSOOooooooooobooooooboooboboobobooboDbo
gbobboubobbdogobobbuoobobooboobobboooobobboo
gboogbbbodbboogouoobobougbbbobobob4330040
gbobbobodoguogbooobobbboooboobbbboooobbooboo
0000000000000 DO0O00O0OUOOOO0D 98jDooo0ooooooooo
ooobogobuobooobobooooooobobboobbobboboon
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000000000000 00000000ooooOooO 9% o0o0ooooog
000000000000 00000000O0 9000000000 oooood
googboubbooobdoooboooobboooobobboboogbobbboo
0000000000000 00OO00D0OO 97ODoooO0O00b00O0OooooDO
0000000000 YKUUDOD0Do000000 000000000 ooooood
000000000000000 (435)0 0000000 0OO0OODO0ODOODOOOOO
000000 000000000000000000000000 [93,900000
000000 [100,101]000000000000000O00O00O0O (1020000000
gbooogogbobobboobobbooooooo

gboboboboobuoooobboooobobuobboooobbobobobn
gbooboboodgd

4.4 0O00O0O0O0OOOOO
4.4.1 Semi-blind MINT

gubboobboggbooboboobboboobdoboboobooooaoban
000000000000000000 Semi-blind-MINTOOOOOODOO [103,104]0
pPODODOODODOOO X=[X;X,---Xp|OOOODODOOOOO ROO

R = E{X'X}

Rll R12 T RlP
- R?l R_” R?P (4.45)
RPl R2P2 T RPP
gooooooooao
X; = [zj(n)xj(n—1)--x;(n— (L —1))]
rii(0)  ri(=1) - (=L 1)
I RO e
rif(L—=1) rig(L=2) -+ 1;4(0)

oo0o00r;(r)0«000000000 24(n)0 j000000000 z;(n)000O0O
goooo

ri;(7) = E{zi(n)z;(n + 1)}
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gobobLbb0oooooooobobobo RO PLxPLODOOODODODOO
000 XOOO0OO0OOOSOO 43)00o000oooooHOOoooOd

X = SH (4.46)

00008 =[s(n)s(n—1)---s(n—(M+L—2)]00000 (445)00 (4.46)0 0 0
0000

R = E{H"SH} = H'E{S"S}H (4.47)
0000000000000000000
E{s(n)s(n+7)} = (1) (4.48)
oooo
E{STS} =1 (4.49)
O0006r)000D0000I00000000000000
R=H"H (4.50)
00000 (47)00 (4500000
RG=H"HH 'B=H"B (4.51)

00000000000000000 10000000000000000000 ~y(0)
000 K0)DDOD0OO0 00000000000 (451)000H 0000000000
0000000 m0)00o0oooooo

H'B = h,(0)B (4.52)

00000000000000000 10000000000000000000 (4.51)
00 (452) 0000000 GOO

G=h(0)R'B (4.53)

guogdooboooooobobn
Semi-blind-MINTOO OO0 DODOO0O0O0OOOOODOODOOOOOOODDOODOO
gboboduboobouboooboubobooogoobobdobbbboooon
O0000000000Semi-blindMINTOOOOOOOOO LOO 46)00000
gobogbobogbbobuoooobbbuoouoobboboubbooboo
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0000000000000 ooooOog [1o3,104)J0ooooooooooooo
gobbobbdbdoogoobuoobooobobboooboboobooooobobo
0000000000000 0O00000000000O000 [103,104]0

Semi-blind-MINTO O OOOOO00O0OO0OO0O0O0OOOOO 453)0000000
gbobugbdboodgoboouobogbobaobboobbbooobobbob
O3000000oobooboobobbooboboooboobooboobo

000 OSemi-blind-MINTO D OODOOODDOODOOODOODODOOOOOOGOOO
gbbbouoobooubbobooogoobobboooouoobbbooooggn
gogobouobuogbooobbobbdodoooobuooboobbbboooobooo
0000000000000 b000ob00ob00Do0o0oboOoDO Semi-blind-MINTO OO
gogbobbodooboooouooooobobbobooonobboboooon
0000 [103,104|0 0000000000000 0O0O0OOO XOOoOoOooooo
000 XooooooooboooooooboXoooooooooooooooo
gbooHOobogoooboobooboooooooboobobboobooboo
gogoooo

4.4.2 O00O0OODOODOOOOOOOOOOOOO0

gogbobobobobogooboobobooobboobbobbbobbobooooanon
gbogb3oobogobooboobod

i) 000000000000 (OoDOO00oO0)oooooo
i) 00 0000000000000 0000000000o0ooo
i) 0000000000000

000200 33000000000000000000000O000O00O00O000OO1
00 44100000000000000000000000O
Oo030000000000000oooboooobooooooooooooDoOon 3
O00000000O0O0O0OO0000000O00O0C0C0O0OO0O0O0O0O00000
44100000000000000000C0OOO0OO0O0O0OCOOOOODOOOO
(independent and identically distributed = 1.i.d.) 0 0000000000000 0O0O
0000000000000 00D0000000D00 [105-107]0
O00000o0o0o0o0ooooooobo0iidob0o0ooooooooo0oobooon
0000 (Auto Regressive =AR) 0 0000000000000 O0OO0O0OO0OOO
oooooOoboooooooooooobooooo
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000000000000 00O0oO0ooOboDOoO0o0o0OoDO AROOOODOO
O [108,109|00 0000000000000 000D00O0 LIMEODOO 00O (LInear-
predictive Multi-input Equalization)0 0000000 [70,71,110|000 0 00 Semi-
blind-MINTOODODODOODOUOODODOOODDODODOOOOOO0OOOoO0OoboooooDoD
gbobobooboobboboobo1obboobbobbo

gbobooooobdabo

z;(n) = hi(n) * s(n) = > hi(k)s(n — k) (4.54)

000000000000 000 s(n)D0000e(r)D0000O0O AROODOO
O0000D0O0O0ARODOOO

a(z)=1—{az' +-- +ayz "} (4.55)

0000000000 s(r)00

s(n) = C"s(n — 1) + e(n) (4.56)
ap 1 0 0
as, 0 1 0

C= : (4.57)
Do 1
ay 0 o - 0

00000O0ooooOs(n) =[s(n), - -,s(n—(N+1))]"Oe(n) =[e(n),0,---,0]" O
ood

0000 x(n)000000 LODO0O0O0O0OD0w,000000000000000
000000000000 0D0O0ODO0O0O0 454) 000000000

x;(n) = H 's(n) (4.58)

O0000000D0OH,0  M+L-1)xLO000000O00O0OO

hi(0) 0 e 0
H, = mmi—n | 0 (4.59)
0 hi(M —1) hi(0)

83



gogobooo
h; = [1;(0), -+, (M — DTOx;(n) = [z5(n),--,z;(n— (L - 1))’ 0000000
O00x(n)=[x{(n), -, x6n))"0H=[H,,---, Hp]0OODODOOOO

x(n) = H's(n) (4.60)

0000000000 0000000000000000000000HOOO0OO
000000000
PL>(M+L—1) (4.61)
0000000000 w,000000 LOO
M-—1

L> 4.62
R (4.62)
gooooon
OO00AROODOOO NOO
N=M+L-1 (4.63)
0oo [70]0
000000 [85]000000000 é(n)00
é(n) = x(n)—x"'(n—1w (4.64)
= s'(n)h; —s’'(n — 1)Hw (4.65)
gdbOwdOoboogooooo

00000000 PLOOOOw,; = [w(0), -, w(L—1))T0i=1,---,PO00O0DODO
(465 0000000000000000000 wOO

w = (H'E{s(n — 1)s (n — 1)}H)"H E{s(n — 1)s’ (n) }h; (4.67)

0000000 0A*O Moore-Penrose 0 0000 [111]0000h, 0 HOODOOO
000 QOO

Q= H"E{s(n - 1)s"(n — 1)}H)"H E{s(n — 1)s” (n)}H (4.68)
00000 (456000
E{s(n — 1)s"(n)} = E{s(n — 1)s(n — 1)}C (4.69)
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