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43.60. -c, In, Gk 

[~'EiJ *~Jt'j:, ifimt1JrnJ~~C7)~jj~~~--r~~oc~t.:g.~C7)~t~t i.r. 477"/\/ V~-7*-}v V 
(SBPH) ~J!~ffl'v\t.:~j*~1l~T~o 477"/\/ V~-7*-}vV9l!J!t'j:, jt1TT~~~ifC7)~~~~1*1;f 

T ~ ~ t --r, f~{@tC7) 1i~ti§- ~? A 7 T ~ ~J! (l! - 7 * -}v l"~J!) ~ 477"/\ / V1~%~::kt L-C:ifMfflT ~~ 

JJ.--r ~ ~ 0 *~6BJt--r'j:, ':) C7)? 1 7 D * / --r~.:g. ~ tLt.:18i}rdl C7)~rdl~f~tJj ~:£":5 <.:g.?j1JrnJ~JEj* ~:kt=
~ eLl SBPH 9&i!C7)~~jjt1~f~~ L t.:o ~1lj*~ ffl'v\t:. ~ ~ ;L t- - ~ 3 / c 1i~tifC7)J~WC7)* ~ v\~~!l 

l"O)~~mt1frOJ11E5E~~~qT~ t:.*ff*, oc~tif~:5m'v\ t ~ tL~VE*i*C7) PHAT 1*J: l) ~ ~v\oc~tifilOf'11;6S:~ 

~~ ~ tLt:. o 

.=t--?-~' ~r*Joc~tif, ifiJI{1JrnJ~5E, ffi1i~EH~~~, 717 D*/7v-, 477"/\/ Vl!-7*-}v ~~ 

Reflected sound, DOA estimation, Cross-correlation function, Microphone array, Sub­

band peak hold 

:tlr~:.t3V\l ~, -fO)f3W~*$M~:'!i~~ ~ ~ ~ t;6~ 

~~f ~ ~t,:"O)"t"$Il15-T ~ 0 

if7!1J~O)it5E'j:, At tJ *' 'J }- O):J ~ a. =-7 -- ~ 3 -~~B9 ~:if?!1JrtDll5E0)1-t£(89t:t1Ji* t II '±, ~~ 

/'~~: tJ *' 'J }- ,j~~l5~O)1JrPJ ~~~~lT ~1t*j [1]~, T 1~Jj}0)~rdj~it5E~:£~ <~§]if§~~ [9], j§:rPJ'li ~-­
~~~_~Aj-A~~§*~§~~llilln~7~7 AJE:]t~:J: ~lli1J;'\7--it5£~:£~< ~-A 7;1---7 

0- :A'y 'J 7°T~1t~~ [2], -f0){tl!,~: ~, jiifjmtO)~lt i~ [10], ~if1~i}0)~rdjt~~q-r91j0)~1i~rl3'~:@~flJ 

~, ~~~m~Aj-A~~~~O)~~~~~~~T~ ffllt.:..~v\ftj&5t~~(f~~tiT~~7~A~--A~ [10] 0) 
1t~~~ t~$iJtv\ffl~~~-::> l v\ ~ 0 =:~;6~~~:~~t';n~o ~~;=:~O)¥i~'±v\-rn~, 

l,j~ t., ~P'J ~if~j1J rfJJil~0)1tf,f~ ~ ffl v\~ ~~, ~~0)71 7 tJ */~if1~i}ra'O)t~]it§OOOO~~fljffl 

mJltH~~~~r*J&~tifO)~I!~~flT ~ ~ t '±"t" ~ ~ ll.t3 t), &~t~O)~"~:J:~t§]if§OO~~tO)jj1t'±
 

V\o ~~:, ~;r~~~r*JJlim!~~:Jt~, ~I*JJiggWl~y ~Jmlt.:..ilJE~~~~f2gtt:t~o-f~~*~~Jt~,±, =:
 
~-,j~~~~:~~ ~~'±, ~ ~~JEO)1J[tl],j~~:* ~ t:t ~O)¥i*O) r{J"t" ~ Ji b£*8~ t:til5Ei*~: &; t: ~, =~
 

*JJM,&~tif,j~~Ij*T ~ t.:..~, ~JE~Jl,jS:*~M~:%1t L 0)71 7 D */'~ fflv\t~~§]it§r*Ii*~~t~ t ll.&~t
 

II ~ oJ r~'J!;6~~ ~ [3]0 ~ O)~t~ t t r. if~!1JrtDit ifiIDt'l1 rQ] .l; 0) f~~t ~ {-r -::> t: 0
 

5£O)lttr9&3! t II,&~t~ ~1~i~T~ ¥i* [4, 5] ~, ti
 
2. if~~1JlCJm~-tT)V 

~ifO)~~_~~~ffll~¥~~~~#_~~~l 

v\~o lipl, ~n~O).f.¥*'±, ~JJM.&~tifO)J3W;6~ ~-1 ~: 2 ch 71 7 tJ * /' Y ~ - ~:£~ <ifij1JrflJ 
*~ <~~~jjrr~:i3V\l, £\-rlb+5tt:tJt1(f~'±1~ ~JEO) ~ 7')V ~ ~ 5FT 0 ~ 0) ~ j-" )v"t" '±if¥&~ ifOOr& 
; n lV\ ~ v\o -f ~ ~ft4 '±, 7t{-rT ~ ~~ifO)til~M t 1&:5E IIv\~ 0 ~?!O)1JrtlJ 85 ;6~ ;~¥&;6~~U* It::.. t 
~~~T~~t"t", ~mT~&M~~7A7T~~-­ ~, =~0)717 0 */' MI, M2 "'C'~~~nt.:~~ 

7 *-)v r9&JJ. [7] ~, 4T7";, /' rt1~Jj}~:j1ll ~ffl Xl (t), X2(t) ~: '±~rl3'~ Ts ;6~~ t: ~ 0 ~ O)~rl3'~ Ts 

T ~ 4T7~;' /' r t: - 7 *-)v }-~'9LbJJ. [8] O)fljffl ~ 1N;~ '±, ifr~;6~~r{JO)ggft ~ t':~t:i1§ua;frdj~&; t), 71 7 
T~o -fO)*s*, ~JJM,&~t~;6~:*~v\tT~lt~n~~ rl3'm!~~ d, ~J!~ c tT~,;f*~O)J: oJ ~:~-tt-~o 

... Sound source direction estimation based on subband 
Ts = ~/c = dsin8s/c (1)peak-hold processing,
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d 

M2 X2 t 

-r::, ItfraHt Ts 'i-:ft5ETrU;fitiW.1.J~ es iJ{~HI:l-r:: ~ 1.> 0 

3. tiE*(1)iii j~ 1.i [t:i] titrE$ 

3.1 fIHifr:lm!$ 
= "':J (J)71 7 lJ* /' 'i- ffllt' t.:iriW.1.J~:J1E5E(J)ii'b ~ 

*8~~1.J ¥!~±, ~irf~f} XI(t) C X2(t) C(J)IlMa'71 Ts 

'i- *~(J) J: -? ~:5E~ ~ ht.:ffilf.ffi ~ ~tt <P12 (T) (J)~ 

*~'i-~~1.>T(J)~cl~:J1E5ET1.>'b(J)-r::~1.> o 

(3) 

t: t:. L, E[·] ~±1tfH;J:~ 'i- 3\{T 0 
3.2 PHAT (Phase Transform) $ 

*§If.*§~~tt<P12(T) I±XI(t) C X2(t) (J)7lJAA~ 

7 r}v PI2(W) 'i- ffllt' ~, *~(J) J: -? ~: 3\{T':: CiJ{"C° 
~ 1.> 0 

<p12(T) = JPI2(w)ej w T 
dw (4) 

.:: (J)Itf, J!J1HI~ir~*r*JJ~Jtir~ c'(J)~:tJ[r ~:i:>It' 

~11~~ 'i-~.gf;T 1.> t::.~ \: PI2(W) ~:~4 ~ J!J~tt:lO/j. 

!li(w) 'i-ftlt1.>,::ciJ{1!~~h~It'1.> (-~)t1~ffilf.ffi 

~~tt ) [9]0 {-(J)rp"C', 7lJAA~7 r)v(J)~~mPX:?} 

'i- rr i?mt.m:ffi~ (J) O/j. 'i- ffllt' 1.> 1.J¥!iJ{ PHAT Bi (X 

'±SiS1~ffilf.ffi~Bi[11] ~ CSP: Cross power Phase 
Bi [12,13] C 'bU.g<I;fh1.» -r::~1.> 0 PHATBi-r::l±, * 
~(J) J: -? ~:5E~ ~ n1.> siS1~ffilf.ffi~~tt<PPI2(T) (J) 

ft*~'i-~~1.>T(J)~cl~Itf~71~'i-:J1E5ET1.> o 

<PPI2(T) = J'ljiPHAT(W) . PI2(W) ' ej w T 
dw 

j w T 
= J!PI:(W;' . PI2(W) . e dw (5) 

.:: (J)1.JBi'±, -R)t 1 ~ f§ lf. f§ ~ r~tt(J) rp -r:: 'b j!§jH~Jt 

irilit'tt'i-*"':J c ~ n~1t '1.> [14] t.:~, *IDfilJt~:i:>lt 1.> 
1!~=¥-Bi c (J)11~Utt;:M~ c l ~ ffllt' 1.> .:: c ~: T 1.> 0 

..... ':.l,
.'
 

&M~ ../~~~ 
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." .~...." . 
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• •• •••••• 1..x..~'J 13 

" . 
r;::; a.+ft 

4. ~ -?*-Jv ~'!l!!J! 

4.1 fr:llH§m!~:tO)rR,m~t 1:::"-'7*-)1,. F 

*r*J~OO~-r::~irT1.>.~, ~oo~~tt~, ~.ir 

MJ~Jt ir (DR) .ttiJ{fg;rT1.>o 1t.:, lli{I-2 (J)J: -?~: 

7 i- - iJ{~~~~: fi:iJ'ht.:.~~: I±, ~:f~ L t.:~iJ ' G(J) 

WM&Mir(J)ti~#*~<~1.>o-t-l~, -t-hG(J)W 
1tJj&~tiriJ {!f'¥5E(J)~~1J ~:~rpT 1.> C, -t- (J)~~ ~± ~~: 

* ~ ~ 'b (J) C~ 1.> 0 J: -::> ~, .:: h G(J) J: -? ~~:tJ[ r-r:: 
~±, l~jt~:ft5E*~i:lf;:'i-f~1.>':: c iJ{ft t.v -, 

, * ~: , 1:::"-7 *-}v F9!111 'i- ffllt'1.> .:: c -r:: , .:: (J)r",~ 

'i-~ff-r:: ~ 1.>.:: c 'i-~-3 ~: J: -o ~~l()jijT 1.> 0 lli{I-3(a) 
I±/o{ }VAf~f}(J)~.ir ~:ljt -&~tiriJ{ft1Jo ~ ht.:.~ 

(J)~irfgf}XI(t), X2(t) 'i-3\{l~i:>~, ~1(J)717 

lJ* /,(J)~irf~f} XI(t) ~:'±~.ir&U'&MiriJ{'E;-1 

h~It'1.> o 1t.:, ~2(J)717lJ*/,(J)~irf~f}X2(t) 

~: I± Xl (t) ~:.tt~~~.lifiJ{~rdJ T s ii!h ~~ir ~ h ~ 

i:> ~, &~tirl± XI(t) (J).~c 1±~~-::>t.:ltfrdJra,m-r:: 

'E;-1n~It'1.>0 

~-3(b) ~± -t- h GiJ' G~.~t. L t.:ffilf.ffi ~ ~tt 

<p12(T) 'i-1Fl~It '1.> o '::hJ:~, ffilf.f§~~tt~:l± , 

~.lif(J)~~71 ~~~~~.irC&Mir,&Mir~± 

(J)ltfra'71~:~~T 1.> fJtt(J) 1:::" - 7 iJ{3fi~ L, ~:J1E5E(J) 

J]i:~ c ~ ~ -? 1.>':: c i,){?}iJ'1.> 0 -t-':: 1.', .::(J)~t!'i-,£ 

~T 1.> t.:~~:f~f}(J)J&*~'i--5Elfifra'.gf;*T 1.> 1:::"-7 
* - }V F9!111'i- ffllt' t.:=¥-¥! 'i-~~1T 1.> 0 

lli{I-3(c) I±~irf~f}~: 1::" - 7 * -}v F 'i- iJ,~t t.:f~f} 

'i-1F L, (d) ~± -t- h G(J)fgf} ~:M L~ ItfrdJ71?} 'i- c -::> 
t.:f~f} 'i-3\{ L~ It'1.> 0 -fl ~ , (e) ~± (d) (J)="':J(J)f~f} 

iJ'G.1±l ~ h1.>ffi1Lffi~~tt'i-3\{ l ~1t'1.> 0 .:: (J)J: -? 
~: , 1:::" - 7 * -}V r' '±~*ir(J)* ~ ~ 'i-.gf;t~ L~, 1~ 

.T1.>fi~.(J) &Mir'i-7A7T1.>(J)-r::, ~*ir(J)1fif 

ra'71 Ts iJ{IlA~ c ~ 1.> 0 
t: t:'l~~~(J)j@ffl ~: i:> It'~, -5E~-r::(J).gf;* Hi'-? 

C, lliHa'l'f.J ~:m.l ~ 3fiJl'f ~ h1.> ~.ir 'i- 'b 7 A 7 l 
~ l11t" 1~.T 1.> ~*lifPX:?}(J)flJffliJ{-r:: ~ ~ < ~-::> 

k~,~*(J) ••~~~(J)~.#~ftc~-::>k~T1.>o 
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0.5 (a) 
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"*-0.5 
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~nn [5] 
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• (b) 
lIIIE 0.4 
N

210. 

O ~-­
0.1	 0.2 

~IUI [5] 

[;i?l-4 l!- 7 *-jv F{g %O){7U 
(a) ~{f (g% ({fj$) , (b) l! - 7 *-)v F 1~% 

-t- .:: -r, l! - 7 * - Jv I_" 1i~:I: ~ r*J ~~W;f13 ~ O)~:& ~ fif 
t.:-\t1.>':: C: f: L. t.:o ~-4 f:, ~~O)it)tf~fflv)t.:f§~~ 

7FT0 (a) l;l:~itm% i&:* , (b) I;l:-t-O)~~~ 2 *C:-t-n 
~l!-7*-~I_"~~0~m%~7FT o 

4.2 MfJ: ~ it
 
fl~O)~)JM&Mit-n·ili:1t L.t.:~~IH:$~* L.t.:tIi~,
~

-t- n i? O)~~~_n ~1JD~ ~ n, i[1tito)~~~ J: I') b"* ~ < 
7d: 1.> .:: C: _n ~~ 1.> 0 
~-5 f:, il!1tit (; ~ )v A it) 0) 2 ffl' 0)J~J;fit_n ~1;f1JD 

~nt.:f§U~7FT o (a) 1;l:l!-7 *-Jv 1_"1g%C:-t-0)~ 

ra'&:7}, (b) I;l: l! - 7 * - n- )':' f& f:M~ ~ C: -:;l t.:m%C: 
-t-O)~rdJ &:7}~ 7FT o .::O)J: -) f:, l!-7 *-)v 1_"0) 

;;.-r l;l: , ~~~0)"*~v)&Mit~?A7 L.~n7d:v) o -t­
.::-r, ~.~M~1tT1.>'::c:-r, m%O)~~~#l')e 

7}~~~ •• L., -t-O) ~~~ft ~T1.>'::c:#-r~1.> o 

0.3 0.4 

I o r s 

(a) 

.. 20log1o () 

5.1 fiF.A~? t-}v(7)~;¥W 

.::.:: i -rl;l:, /~JvA{ g%~f§lH: C: -:;lL m~ L L ~ t: 
_n ~ , *lit1."'l;l:it)tf1g%",,0)J;Gffl~~.:t1.> 0 i-f, /~Jv 

A{g%f:~1J;).L, it 7w.:nrru~~_n ~J:ttHr-]~~Ij:tB-=¥-:g­

C:, ~Jlljit)tf C: O)~ra'-mJ i&:~A ~ 7 I- )v~O)jiH: 

'?v)LmaA L LV) <0 
~-6(a) f::tB-=¥-itO)A ~7I-D 7'7A , ~-6(b) f: 

it )tfO)A~7I-D ~7A~7FT o -ft~~, itO):n~ 

ffi¥jH;l:fg%O)~ ~~_n' I') :g:~7}O)il!1titf: Bv) LaA-Pl C: 
lj1.>o:tB-=¥-it-r~, ~*~-rm%O)~~~# I')~~# 

1i'iJ- C: 7d: -:;l L V) 1.> O)-r , .:: O)~ ~uO)~rdJ i&:*f: l!- 7 

* - n- 1-' ~ _n' It 1.> .:: C: _n ~;;f;f~;I; C: Ij 1.> 0 
-:n, it )tfo)~~f:f;l:, ~ ~~_nt I') ~~U_n ~w~'::' C: 

f: ~ Ij 1') , i t.:w~ f: J: -:;l L l;l:P.J(;7}~fif t.: Ij v).:: c:_n' 
~ 1.> 0 J: -:;lL , ~rdJ1&:*~~ -rl;l:~*~O)il!1titP.J(;7}_n ~ 

~ra' Sg f:7}i& LL L i v\ /F~~ C: 7d: 1.> t.:i:> f: e- 7 
* -)v 1_"9l1J!0)~;I;*_n~+7}3N'-c' ~ 7d: v)o 
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5.2 -!f 'il";"" r'!:::' -7;F - )v F~l! 

mJiZt Lt..:iifJE"O) J: 1 ': , n: t ...t7J{~ ~ ~ lj 7J { m tpx:::" C 

(:J!c l'j .61§' ~'H::M L""C 'b Mr.t, PJfj~ C-t .6t..:9')( : Ii , ':1: 
iif1§'{} ~ W't9.b3'j1flj L, m ~:::.... C,: 1:::' - 7 * -)v F ~ 7J ' 
,t .6 :::.. C-r WI ifiif0) h-0) ll!. imJ& ~ ~ t~ IJO ~ -t!" .6 :::.. C7J{ 
:ff'i:JJcl'j.6 [15] 0 :::" 0)!i!],JJ.~-lT 7· / \ / F1:::' -7 *-)v 
F (SBP H: Sub -Band P eak Hold ) COf- lf', i- 0)9!1}J. 

1f,.0)7' 0 'J 7 ~ H~I-7 ':iF-t 0 

~ ,: ;f:; It 1""( , iifiw'7J ioJ :tiHE 0) mJ 9!1 }J. I:, 1fJi'ilKr,,':tiE 
:iE 9!1}J. (VAD: Voice Act ivity Detection) ~ ~9: 1i: L 
""( It '.6 0 :::.. n': J: ~ , 7JioJtt ~ .f.f"'J J: 1 I'j ~F1fJE"O)~ 

~~1f ( f7~ .z l ;f F70) rffl fJtJir lj: CO O) ~~~ ~ if1: iJn.t ~") -t!" 

""(P.6 o I t..: , 4.2 ~1J-c"~ ",,-t..:MtHi1H'F~ 1W: 1f JE~ ' : 

0 1 C, ~iif O)~~ -r~~~~ clj: .6O)-r, i- O)~W 

O)UiJHJJ* 'b:ffL""( It ' .60 1~ ffl L t..:1fJE[K ro'*~ itli 

1t~~I :iF -t 0 

9!1}J. O) ii1E n li , I T1fpi[K r,,' :tiE~' : J: V) ~1f 1'§{}7J' 

Gtl!l tB Lt..:ifpi~ ~R~ ra'7 - I) ~~~ (ST FT ) L, :jjR 

~~ JJJt 5t 0) ~ 7HIj IX;(w, t )1 (i = 1, 2) ~ tB1J -t .6 0 i­

(a)
 

......
 
N ·;i j=. 4000 '
=2000 

Ii!: 0 

6000 

I ~:' I0.05 0.1 0.15 0.2 0.25 0.3 

~I\l' [s] 
(b) 

6000...... 
N ,=. 4000 

I .fl=2000 

III!!: 0 ....~ f..~ .. 
0.2 0.4 0.6 0.8 

~rll' [s] 

~~ M~Wt WJE"~ ~ ~ 7~ D ~5~ 

(a) M=f-W, (b) Wpi 

L""( , @]ilUiJJJt5t :::.... c ,: 1:::' - 7 * - )v F9!1}J. (P H) , M 
tir;f:1t (Jog), B~H"'~ 5t (Diff) 0) 9!1}J. ~1T 1 0 .; n G 
O)9!1}J.(i, 7~1* I'r..H : l i , *O)J: 1 1'j .f.! II ~ -r9!1 }J.~ 1T -) o 

1) 1:::'- 7 * -)v r.'" 9!1}J. (P H) 

~@] i~ ~iJJJt 5to) 1:::' - '7 * - )v Fi@ ~ Phew) C*L, 
~J- T 0) 9!1}J. ~ ~~1iX ~ra' t ( ~ ra' r", ~ Ii ~ 6.1 ~n -r~ 

""-.6~7 H~ ) ,:;f:;ltl ""[ 1T 1 o 

IX ;(w, t )I ;:;; Ph(w) (*- )v H@.J: ~*~ltl) .t~% 

IX ; (w, t) lh= IX ;(w, t )1 (:jJH~ ' i i- O) I I ) 

Ph(w)= [X; (w, t )1 (* - )v H~O) J! *Jf ) 

IX;(w, t)I< Ph(w) (* -)v F1~ J: V)/j, ~ lt l ).t~iS 

IX; (w, t)lh = Phew) (* - )v H@~ :tliH~ c -t .6 ) 

Ph (w) = a · Ph ew) (* -)v F 1~~iJn.tft ~ -t!".6) 

t..:t!. L , 

IX,(w, t )lh : 1:::' -7*-)v r'"9!1}J. O)tB1J 

a:1:::' -7 *-~F~0).ft~ft (~ ~O)~.~ 

F,,' T60 ~ ;,j'ljffl) 

Ij: ;f:; , 1:::' - 7 * - )v F 1~ O)f)JWl 1@I ± ~ {f [K ra' O) f:t1:]~ 

O)ftt€H.¥.J3t~ -9-.z .6 o I tc, 9!1}J. ' ± ~-4 ': iF-t J: -) ,: 
:tliHi 2 * 1@(:1T "? ""( 'b, ~J-T -r~;Jft ~ C .6 O)-r ~~ I'j 
9!1}J. (~ 1* 7J>" 2 tff ~ n.6 t!.It ) I: 1j: .6 0 

2) Mft r;f:1t (Jog) &. llBM"' ~ 5t (Diff) 

IX;(w, t) Ip= log IX ; (w, t )Ih- log IX; (w, t -1 )lh 

t..:t!. L, 

IX; (w, t) lp : M~tr~ f'F&. l/~ra' ~5t O) tB1J 

i- O)~. ="'J O)~iifm{} O)M~-t .6 @]~ftJJJt 5t~1f,. 

JIj:::"cO)JIm1tt§~ r~ ft (Cor ) ipl 2 (w,T) ~ ~J- T O) J:\; 

: STFT :
 



(6) l.P i? >J(9')l , ::ni-T ./'(lO)mJ i&:~~: ~H,l~a~ 

t. (;A: (7)), -fO) it:*~1.P i?~Ij*:n[Qji-~~T1.> o 

jIXl(W,t) [p·IX2(W , t - T)[ pdt 

!P12(w,T) = ---7=:;;========;;::::==== 

jIXl(W,t )1 p2dtjIX2 (W ,t)1 p2dt 

(6) 

!P1 2 (T) = L !P1 2 (w,T ) (7) 
w 

~~, ~T, *_~~ti~~.~, .~ ~~i-~9') 

t: ~-7 0)jl1J!*~1* i- -1]-7'1~ :/ V1:::" - 7 * - n- ~. jl1J! 
t iJif..s:::: t ~:T 1.> 0 

-I]-7' 1 ~:/ F 1:::" - 7 * -)v Vjl1J! i-~j]*Et9 ~:q.:y oJ t: 9') 

~: IH].~ra' 7 - 1) .:r.~~ (STFT) O)IFJ ;l. - 7'~~ 

1.>~~7v-~~ (~~ ), 7v-~~ 7~ ~, ~~ ~ 

i-~W ~:5E9') 1.> £,~i.J {~ 1.> 0 

6.1 ~ 7 r- ~
 

7v-~ ~7 ~~Ii, -I]-7 ' 1~:/ H~%&lf-fO);f§r~
 

~~O), .~~kO)~*~~t~1.>o-fll, ::O)~ 

*ra'mili~Jili~r a' Ts O)~5E*RJ.t ~:~r.t,T 1.> O)~, ;A: 
(2) J: IJ , -i-iW-:n[Qj es O)~5E*RJ.tI:~JZT 1.> 0 :: 0) ~ 

7 ~ ~Ii , mJi&:~~~~ t'~Ii , (7 V - t; ~/2), ~ 

t't 7 v-~~I:.ltf7Ij~-tt1.>tlr€fi.J{~v 'i.J {, *:n;A:-r 
Ii 7 v-~~t 'U!lln:.~:, £,~~ es 0)~5E~J.t~:~ -:1 

v\ l#C5ET 1.> tJ 0) t T 1.> 0 
f7u;t 1;1:', es i.J{ 60deg. :nf"IiJ~ 2.5deg. 0)*RJ.t ( jl'j J.t~ 

Mft ) i-M~-tt1.>.~i-~ ;t1.> 071 7D*:/~~~ 

d = 0.3m 0) t ~. -i-iW-:nf"IiJi.J{60deg. &U' 62.5deg. 
0) t ~ O)~Jili~OO Ii , P:: (1) J: IJ , -fni"n 1.57 IDS 

B: U' 1.53 IDS ~, :: n i? i-lR5J1j T 1.> ~: Ii, ~ 0.04 IDS 

0)1~*rdili (~rdi~.fj~) i.J{£,~~~1.> 0 ::nli, 1~ 

* 1 t mJi&:~ 32 kHz -rli, ~ l-1]-:/7')v~:;f§~T1.>o 

~~, ;fl~*RJ.tliIEITiii.J'i?o)jl'jJ.ti.J{:*~ < ~1.>~it' 

::#J1tT1.>0)~ , ::o).~~:li , es i.J{60deg. J:JTO)'t1 

fj~i-1*IDE T1.>~ 7 ~~t~1.> o 

6.2 7v-.L..~ 

-.Et9K, 7v-A~i-~<llmJ.~~.fti-. 

9') 1.> :: t~ , J: IJ ~ < 0) W:~~ iI!~-i- iilt~ i.J{~7JI 1j 1iJ fj~ 

t ~ IJ , IHt-i-ifijt1i.J{(ri]kT1.> 0 li.J'l , 7 v-~~ 

~~ <l~~1.>t • • • -i-tOCM-i-#-~0)7v-~ 

P'.J ~:m, :{£T 1.>:: t ~: ~ IJ, n:. i:J k i.J{ IJ ~rdii.J {/l'~.ta)H : 

~ '? l;fl 5E~J.ti.J{f5:TT 1.> (IEM:n [Qj I:~t II A v ) 0 
:: 0):: t J: IJ 7 V - ~ ~Ii, rOCM-i-i-~~ ~ v\lIJ.t 

I: *<J5E9') 1.> :: t i.J{~W ~ ~ 1.> 0 f7u ;t I;f, ••-i-t M 
MOCM-i- t 0)*-£~~i.J { 35eID @J.t~~ 1.> t T 1.> t, • 
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.-i-tMMOCM-i-to)ll'iHdi ~Ii~ 1ms ~ ~ 1.>0 7 v­
~j!lffi.J{~ltT 1.> J: -) ~ ~~ ~i-~ljfflT 1.>. ~I: li ~ ~j] 

~Ii-¥ ~I:~1.> o)~, 7 v-~~Ii-fO) 2f'€f0) 2msl.¥ 
J.ti.J {li! ~ t ~ ;t i? n t.:. o :: nli , 1~*1tmJ ilUY: 32kHz 
O) tIl~ ~: Ii , 64 -I]- :/ 7' )v t ~ 1.> 0 

t.:.t.!.l, Jiili!~7 v-~~Ii, §[P'.J-i-W~ftj:~:nf"IiJ 

~ 5EO)!HH~~~ t· ~: J: '? l ~:,i?~1tT 1.> O)~, * _ 
~ -r'i~~~Et9~:Jiili!~ 7 v-~~i-5E9')1.> tJ 0) t It.:.o 

6.3 ~ ruJ ~
 

~~ rdi 7 - 1 ) .:r.~~i- q.:y-)~, 7 v - ~ ~ i.J{~v\ tIl
 

~ ~: Ii, mJ ilt~~~11~:~ v \lr€-~~O)-I]- 1 F D-70) 

~~i.J{:*~ < ~1.> 0 *~i*-r"Ii, ;l. 1 :/D- 70)~ijili 

:* ~ v\ i.J{ , -1]- 1 FD- 70) ~Wi- :*$iji ~:ft~~~ 1.>7· 

'7 "J 7 7 :/~i-~ljffllt.:. o 

* =f$ (SBPH $ ) O)1f~:iJ't1 i-~~T 1.> t.:. 9')~: Hi 
0)~~~.i-fi'?~0.MKfi••~ ~ ~ V - ~ 3 :/ 

i- fflV \l, ~~O)§[P'.J~~flj!~ftj:. 7 v-IlCI§:, -i-~~ 

ftj:~:~lt 1.>1f ~j]11i-~ ~"lt.:. o -fO) f~, ~~O)§[P'.J-i­

tIl~: ~ V\ l, 1f ~j]11O).p}~~£i-q.:y '? t: 0 

7.1 itfi$':J: .Q~t• .mt~ ~.:I. v- ~ 3;"­

*~$ O) OCM-i-jjijt 't1 i-~~T 1.> t.:.9') ~:, ~ft$~:~ 

':5" <*P'.J 1 :/ 1 '{)VAJZ~O) !t ••~ ~ a. v- ~ 3 :/ ~ 

q.:y '? tz; OCMt-i- v -"')v IH~flj!~ra' i- l ~ '7 ;l. - ?' t II 
0~0.4 S O) . Ufl-r 0.05 S -r~~1t ~ -ttt.:.o :: 0)~ ~ ~ 

v- ~ 3 :/~ftj:i-~-l ~:7FT o 

~-i-T 1.> OCM-i-li 7 V - O)f5i:Ji~f"IiJ ~ ~ t'~: J: -o l 
:* ~ <~1tT 1.> t.:.9') , ~-8 (a ) ~: 7F It.:.-i- iW-ID!~ r i­
3 rn, 7 V -I:~T 1.> -i-iW-:nf"IiJ es i- 60deg. ~: fl!l]5E L 

~i.J{ t; , 7 V-O)rj:J ,C.,f5i:I§: eM = (XM,YM), &rJ, Ji 
ITii ~:MT 1.> 7 t- -0)jl'jJ.t eM i- '7 :/ 7'+ ~ ~: 100 l~ 7'­

:/~1t~-ttt.:. ( ~-8 ( b )) 0 1t.:., 7v-0).~Ii, OC 
Mt-i-O) ~~i.J {:*~ v \ ~ ftj: i- 1tl,~ L, *t :R#0)OCM-i­
#~~K~*T1.> :R#.o)-¥~o).~K~~l~ o 

O~-i-li, ~t\!!MJ~§[P'.Jft-i-A~7 ~ )v i-M~ Hoth 
~-i- [16] i.J {mJlmi.J 'i?-**~:~Ij*ll V \1.>~t~i-~~ ~ 

v- ~ It.:.o ffl v \t.:.-i-~Ii, ilt ~.jiJf· !j! ~g.1r~T- ?' 

~ *1 t mJi1Ui 16,000 Hz 
JmJj:(J)-t$ 9.0 [W]x 5.0 [D] x 2.4[H] [m] 
7v-(J) $i~ 1.2m 

71 7 rdlm;:~ d 0.3m 

if ilm;:~ r 3.0m 

ifil1JrPJ Os 60deg. 

SN .It 30dB 
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0.4 

(a) 

..' 

I 9m 

.'.'..'.'..' ..'5m 

(b) 

~l"A'~'i\~
 
~ .. ~- ./ .
.1\~ 

f <f~~' 
~'b~... .­

~-8 itft.~~:.tJ.> :""~.:z.J.;-:""3/ 

(a) 7 J.;-O)l!cm':~ , (b) 7 J.;-0)I!ctlO)~1t0)1 )­
:/ ~ 

.r.::-A (ETL-WD-I & IT) 7J't;, !J3Jl'f 95;f.'1- /, 
fJ:.Jl'f 63;f.'1 - /~7 / YA ~:~ 1±l L., 7 v-(J)~cti~ 

14: c -g-t>-tt-c -g-~t 15,800 ~14:~:.t3 v -c%iIJ.:nr1irft;lE 
~~i-:J iz; J:t~M~(J)tiOl~itd:li, ;fIHiffil*J (CC) it 
c .&M%j!jttt~~0 c ~ n -C",.o PHAT it~ Jfj",t::.o 

tj:.t3, ~ ~.:z. v-~ 3 /~:.t3~t.o SBPH~1l(J);f.7 

;J. - '1 c L. -C , 7 v- .l.d~li':Hm~,~~J:. fJ r~ t; nt::.ii 
Ji!1iR--c'if;.o 1IDS (~*1tmJilU~ 16kHz -c', 16 -lj- / 7' 
)v) ~ Jfj ", t: 0 

~ ~.:z. v-~ 3 /*5*~~-9 ~:5f-T o (a) liWf~~ 

~~ 5deg. C L.t::.c~, (b) liWf~~~~ lOdeg. C 
L. t: c ~ (J)~~~Wll;f rJ1~: .t3lt.olE~$ ~ 5f- L. -C " '.0 0 

~t~~~ 5deg. C L.t::'~-9(a) ~:.t3",-C, CC itQ)lE 
~$~i, .&M% v .r.::)v1.l {~1Ja L. -C~~~ll;frJ11.l{ 0.05 S J:. 
fJ * ~ < tj:.o c ~,ilU: 1!,fT L. -c",.0 .:: c 1.l{7t1.l'.o 0 ­

:n, PHATtt-c'li CC tt J:. fJ il1Ii"'lE~$1.l{r~ t; n -C ", 
.0 1.l{~~Wll;fIll'J1.l{ 0.2S ~ Jm.z.o c ~,i!t~:lE~$1.l{1tlT 

L. -C,,'.oo .:: n~:M L., SBPH it'Ht~1.l'~:1tlT L., 
~~~ll;frJ1 OAs ~:.t3 ",-C b, 1t!J.(J)~ it~:J:t ~-C 3 flrtl 
J:.(J)lE~$ (*t65%) 1.l{r~t;n-c" '.o o it::. , Wf~~ 

~ ~tJt* L. -C 10deg. CT.o c, ~-9(b) ~:5f-T J:. oj 

~:, SBPH it:&rf CC it -c' li c b ~ : lE~$1.l{ r1iJ J:. L.-c 
"'.0 0 .::n~:ML.-c PHATit-c'Ii, ~t~t~i!t(J)M:* 

(a) 

0.2 0.3 

J.lW*1III [s] 

(b) 

0,2 0,3 0.4 

J.lW*1III [s] 

~-9 :.... ~ .:z. J.; - :.... 3/ *5 * 

(a) ~f~~~~ 5deg., (b) ~f~~~ lOdeg. 

1.l{lE~$~:if;i fJ.&l!9i:~ntj:",o '::(J)'::cli , ~7.2 .2 

:rJ--C'5f-T J:. oj ~:, PHAT tt(J)~~~;lE:nr1iJliiE1W:nr1iJ(J) 

1tili-c'litj: <, *~ < ~~nt::.:nr1iJ-c'if;-:Jt::.':: c ~j[,* 

L.-C",.oo 
R.t(J)*5*J:. fJ, t'!~~ttlitE*(J)%ilJ.:nr1iJ~;lEttc 

J:t~-C.&M%(J)tiW~*.~ft.-c'~.oc~.~n~ o 

tj:.t3, .:: (J) ~ ~ a: I> - ~ 3 /~:.t3 ~t.o %iIJ.li~H§,r1iJ 

tt%iIJ. ~ {OC;lE L. -C '" .0 (J) -c', mr1iJtt ~ 1fT .0 A ~ - 7J 
tj: c'·(J)~%iIJ. CJ:t~.o c .&~t%(J)tifl~~lt ~ <, ~ 

.(J)HS(J) (~Wll;fIll'J(J)).-g-J:.fJiE~$#fi<~~ 

~ n -C,,'.o,:: c ~*iIl'@' L. -C.t3 <0 

7.2 ;j;l~Ul '""F t: i:l tt .Qifjj1.i' rRJ m:it;j;Mi 
*~:, ~.(J):i:1*J~:.t3lt .o%iIJ.:nr1iJ~;lE~~~: J:. fJ, 

.&M%m'I1(J)~~~qi-:Jt::.o '::'::-c'li, i-r~~l c 
L. -c, HS(J)rp,L'13Lti1tili:--c'~~~~q:r,,'. .:r:-(J)r~, ~ 

~2 c L.-C, .&~t%(J)tiW1.l{*~" ,c~~~l~n.o$S 

(J)~-c'~~~qi-:J ic; 
7.2.1 ;j;1~ 1 ($mO)tf!,L'Uliii-tlli) 
ifiJ.1.i'r1iJ~;lE~:~tiW~ :&IIT*]JM.&~t%1.l{J:t'-X1'J9 

~'tj:"'~14:c L.-C, g:~S(J)rp'L'13Lti1tili:~:7v-~~c 

ti L. -C~~~~T-:J tc; ~-2 ~:~~~14:~, ~-10 ~:~ 

~Ucti~ ~5f-T 0 

%iIJ. c L. -C A ~ - 7J ~ Jfj "'.0 c ,ArdJ1.l{96Jl'fT .0 J:. 
fJ mr1iJtt1.l {~JG"'(J)-c'.&M%(J)~W1.l {ft. ~ n.o (~~ 

~14:T-c' DR J:t1.l{¥:J 5dB L:1'I- L.t::. ) 0 J:. -:J -C, % iIJ.~: 

'iA~-7J~Jfj,,'-r , ArJ1 (!J3'I1) 1.l{lli~96Jl'fT.oJ:. 
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~*1tmJy&:t~ 32,000 Hz 
!~~(7)'ty* 5.0 [W] x6.0 [D] x2.5 [H] [m] 

7 v-O)~~ 1.2m 

?17rd]N§~d 0.3m 

ifiJOOM r 3.0 m 
i=-ij1JriJJ Os 0, 30, 45 deg. 

~~Wa;frB' 0.38 s 
SN .tt 25-- 30 dB 

5m 

8m 
~-10 ~~ 1 O)~~I:~ 

100 .---------.-­

80 
~ 
.,. 60 

t(D 40 
~ 

20 

o 

99100 .--------.-­

80 ,....., 
~ 
.,. 60 

1(D 40 
t=I 

20 

o 

-? ~: Lt~o if~~m~ r t;;t 3m C~~ lt~o ~~--c'fflv~ 

t~36~J5!jtB!t;;t, ~ ~ a: l>- ~ 3 / ~flJffll t.:lltB!~~ t? 
30 BB-~ '7 ;;?~ A ~:~ili lt~o ~JtB! . fi=J~ (31J11iJ) 

~'c~:. 1 [ID-r--::>96~5lt.:t.:~, ~~t 90 ~1tJ:--c'i~U~~ 

{-y'?t.:o J:t~~t~q){~*~~:.t;;t, CCjtc PRATjt~ 

fflv) t~o 

~.~~ 1 q)~*O)iE~$~~-ll ~:~To (a) iJ~af~ 

~~~ ~ 5deg. c L i: c ~, (b) iJ~af~~~~ ~ 10deg. 
C L i: t ~ O)lE~~l"~ 0 0 af~~~~ 5 deg. 0) C ~, 

CC it0)iE~$;6~ 36%--c' ~ 0 0)~::it l, PRAT *t;;t 

CO PHAT SBPH 

CO PHAT SBPH 

~-11 ~~ 1 O)JE~$ 

(a) !f~~~~ 5deg., (b) ~f~~~~ lOdeg. 

~ 0.5m~ 

&b.... 5 
,.............
 

6m 
~-12 ~~ 2 O)~~iI:~ 

99%c~v~lE~$~5Fl"'(v~oo ~0)*5*t;;t, fiE*~D 

t? tLl v~ 0 PRAT ¥~(J) .&.~1~ffiitlr~0)~ ~ ~it~£T 0 

t (J) 1:'~ 0 0 t tz, SBPH i! t± PHAT it J: ~ :;,' l1fi: 
v~ 93%O)iE1f$--c'~ -o tz; 
*~:, af~~~i¥:~ 10deg. C ll~1iffiT 0 C, SBPR 

it(J)iE~$iJ~ 100% ~ ~11iJ..tT 0 ~ c iJ~7t7J~'? tz; ~ 

tLt? (J) ~ c J: ~, *)JM.&~11§="0)~fliJ{:J;~v)~~~,±, 

1) PRAT i!t;;t~v~~1t--c'-§-~j1J[1i]jl~T ~ ~ t ;6~-r: 

~~, 2) SBPH~t;;t~f~~~~~ 10deg. c~~,*~~ 

~:.c~c PHAT¥tt~*l~:~v'iE~$;6~{~~tL~, t 
v~ -? ~ c 7l~7t;6~ '? i: 0 

7.2.2 ~I~ 2 (gB~o)~) 

*~:, *)JM.&.~1-g.0)~WiJ~*~v~~1tf:c t.r. tr~~ 

0)fi=J ~:i!J:jiT ~ J: -? ~: 7 v"'- ~f!cti Ll~i~~~{T'? t.:o 

~*1tmJr~~~ t~(J)~1tJ:t;;t, ~.~~ 1 c JfiJl*0)~-2 ~: 

5F Lz; ~ O)~, ~.~ljctir~H;;t~-12 ~:5FT ~ 0)c Lt.:o 

~1*l¥J~:t;;t, '7 v-~iL'iJ-r~~Iffi~~t? 50cm l'JltL, ~ 

t.:7 v-O):$lbt;;t~q)~:n[O]O)~OO~:~~ll45deg. 0) 

~ ~--r:f!ctl L t: 0 

%iJ, 3£Jiillt~!, -§-~Jm!~., .tt~~t~,±, ~,~~ 1 t 
f6:] t~1tf: t L iz; t tc, ~~~ 2 --c't;;t, ~!ttB!· fi=JJ.t (3 
:n[1i]) ~'c~:3IIDT-::::>3£JifLt.:.t.::~, ~~t270~1tf:--c' 

i~UJE ~1T '? tc; 
~i~ti*a*O) iE~$ ~ ~-13 ~:IFT 0 (a) ;6~Bf~~~i¥: 

~ 5 deg. t L t: c ~, (b) ;6~at~~~~ ~ 10deg. ~ L i: 
c~O)iE~$~~~o ~nJ:~, af~g~~5deg.(J)c 

~, cc itO)lE~$;6~ 25%, PRAT i!iJ~ 51%~a; 0 0) 

~:.~t L, SBPR it-et;;t 81%t ~v)lE~$-n~~~ t? tLLV) 

~ 0 J!~:, fF?g~~~ 10deg. t T ~ t PRAT ~(J) lE~ 

$t;;t55% (~~~$~45%) -C-~o(J)~:jtL, SBPHj! 
0) lE~$iJ~ 93% (~~~$ 7%) t *$M~:' roJ..t L -c v~ ~ 

~ c -n~5tiJ~ ~ 0 ~ 0)~ t J: ~, SBPR itiJ~ PRAT ¥t 

~:~tT~{11sLll~t;;t, fif~~~~~*~ <T~t~-? iJ~*~ 

<t:t ~ ~ t -n~5t7J~ ~, ~f~~~~~ 10deg. t L t.:J!~ 
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100
 

80
 
~ 

60ill-
tea 40 
~ 

20 

0 

100 r-------.---.----~-____. 

-.. 80 
~ 
.. 60 

t4a 40 
~ 

20 

o 

(a) 

81 

CC . PHAT SBPH 

CC PHAT SBPH 

~-13 ~~ 2 O)lE~$ 

(a) ~f~~~~· 5deg., (b) ~f~~~ lOdeg. 

200 --1- --1---1- --r ---~" --r i---j- -i---1-- -t--- r- --1- -T--i-­
150 --~- --i---r ---~ ---l---i-·- i---r--i-- -i- --t---~- --~--~- --i-­

I 100 --+++++-1-++-++++--:--+ 
50 ---j- --i ---~---i--- :---1-- -i --i---i---1---r---(--+ 
00 10 20 30 40 50 60 70 80 

M~_flO)~~~ [deg.] 

(b) 
I I I I I I I I I •• 

....... J. ........ L ...... _,,- __ .I__ ... .J .. _a .... _ L. .... -,_ .... ~ ......... L_ ..... L.. __ ~ ~ ..... 

I , I , , I I I I I , I J I 
I , I I , I I I I I I I I I 
I I I I I I I I I , , I I , 
I I I I I I , , I I I , I I 
I I I I I I , I I I I I • I 

200 

--"'1--"r- .. - .. ---'---"'---1"--"--~---"---.---"---"'--"'---1- ..150 I I I I I I I I I I I I • I 
I I I I I I • I I • I • I I 
I • , I I I I I I • I , I I 
I I • , I •• I I • I I I I 
I I I I I I I I • I I I I ,---,---r---r---,---,---,·--r---,---,---Y---r---,---j---,-­
I	 , I I I t I I I • I I I • 
I	 t I I I I I I I I I I • I• 100 •	 I I I , I • I I I I , I I 

I I I • I I t I I I I r I I 
___ .&..... " ,- __ ...1........ oJ......... .1 __ ... L ..... -I ........ ~ .& ........ __ ...t.. ..... .J ........ ,J ...... 

I	 I I I I I I I I • I I I I 
• 50 

•	 It. I I I • I , I I I I 
I I I I I • , I , I I • I 
I I I • , , , I I , I I I 

I	 I I I I I , I I I I 

00 10 20' 30 40 50 60 70 80 

M~I\_O)~~~ [deg.] 

~-14 *%:~~~O)~A r 7·7A 
(a) PHAT it, (b) SBPH it 

~:'j:, PHAT~~:J:~~~$'d:~1/6~:1~i~T~~t 

7J~~~~-r: ~ tz; 
*~:, :: (1):: t 'd:1lJE~~~(1)* ~ ~ (1) 1::: A r 7· 7 A 

~:i3\t~l j! l ~t::. (~-14)0 (a) 7J{' PHAT i*, (b) 7J~ 

SBPH j~~: J: ~i1EJE~~~(1)* ~ ~ _e~ ~ 0 ~-14(a) J: 
~, PHAT j~1:"j:1lJE~~~(1)* ~ ~~~ ~ iJ~~--::> ~ j! ~ 

tL~ 0 ~ tL~ 'j:, [[ji~ t 'j:* ~ <~~ -:> t::.1JrtiJip ~ 

~*T~&M~(1)1JrtiJ'd:,~-:>l~~1J~tL~1l~ 

L t::.*i!f* t ~;t ~ n~ 0 :: n~:~'.t Ll, SBPH 1:''j:, 
~~&(1)* ~ ~ iJ~'1'~ 10deg. (1)~[HH:~X £ -:> l \t~ ~ ~ 

t iJ:rJ}iJ~ ~ 0 

£~:, PHAT £"&(J' SBPH ~7J:r~~B"J~~~ ~ 1Jta:: 
~Lt::.t~j'fr(1)t§1fA:§~~tJ:'d:JttxLt::. (~-15: ~j:~ 

fm:ta:: 0 t Ll~*1(g-r:JEm1t~~)0 (a) iJ~PHAT¥!, 

-1 '-----'------'--------'------' 
50-50 0 

~Jl [deg.] 

(b) 

1 -----------r----------------r---------­

0.5 -----------j------------------j-------- ---------j --------­

-0.:
 :::::::::-:t::----:..~-: -::::::::::::-:-]:::::-::: -:
 
-1 '-----'------...L.-__----L_---I 

-50 o 50 
~Jl [deg.] 

~-15 jQ.~8"J~~~*%:O):ljitO)iMH~~~~O)!tfX (~~~n: 

lE~~1frtiJ, B~~n: :Jm5E1f~) 
(a) PRAT it, (b) SBPH it 

(b) 7J~ SBPH j~O?ifflIiffir~~H~t~-e ~ ~ 0 m'dnj:~ra' 'd: 
1l}EftJ~~:~~ L~~~ ·Lf::. o -t-n-f'nO)~ ~:i3\t~l, 

B~~n'j:tEl~~fx7J~lI*f~'d: t ~:J1E}E1JrQ], ~~~n'j: 
lE1g¥1JrQ] 'd: ~ L l\t~~ 0 .~ (a) J: t')., PHAT £'j:lE1g~ 

0)1J~~:~)l\t~ e:-7 'd:~T7J~, -fnt IfiJMi~:, &~t-H­

~:@~ Lt::,~~(1)~-7 iJ~3€-~T~ ~ t 7J~J}iJ~~o -t­

0)*5*, oc~t~(1)J3,,7J~* ~ "~~:tlT-e 'j:, oc~t1§-~: 

J: ~ 1!- 7 (1)1JiJ~* ~ <~ ~, *~i~~~:J1E}E 'd: 5/~ ~ 

:: To ~ n~:~'.t L~, ~ (b) J: ~, SBPH j~"t"'j:~­
7 7J:rlE1!~(1)1JruJ J: ~ ~Y1I;b~:-rn --r L j: ~ 7J{', ~ (a) 
~:j! ~ n~ J: ~ ~ &~t~~: J: ~ 1:::°-7'j:96~ L ~:J3 ~ 

-r, -t- (1)*i!f*, 1l~~~ 'd: Ij, ~ <1Jp;t ~ :: CiJ~_e ~ ~ 0 

::n ~ O)*i!f* J: ~, *~j~ (SBPH£) 'j:, &~t-g. 

O)J~fI-r:~ij1JrPJillE~:ti_t_O)A' viJ~96~T ~fliir ~ 

~ ~ iJ~, oc~t~(1)J3"~: J:~ * ~ ~~~ ~ 'j:ftti~~ ~ ~ 

:: t 'd: ~ L t:0 

*a6BJt-e 'j:, ~1*J&~t~(1)J3W 'd: ,fi~T ~ $Jf L \t~~ 

ij1JrtD1lJEj~ t L l, ~ 7~') '\ / r 1!- 7 *-n- r ~J! 

'd: ffl\t~t::.~£ (SBPH j~) ta::t!~ L, -t-(1)1f~jrti'd:~ 

~~ L t.:o 

SBPH j~ 'j:, ~~1~1j- 'd: m~ ra' 7 - 1) I ~~~: J: ~ 

~7~)'/ r1~%t L, -t-0)~W~~fL'*9U~: ~'-7 *-)v 
r"9&J.M 'd: iT-:> t::. f&~:, ffi~ ta:: ~t_T ~ 1Jj~ -r: ~ ~ o' ~ 

[ill ,j:= --::>(1) 71 7 O)~ra'~~:~"'::f,,~ --r-H-i!1JrtiJitJi: ~ 
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qT~=fit~:~ml. li~-~I¥J7j:~§1L~§mJ (CC) tt& 
r!1it*, oc~t-a-ifUtl~1iJ~.&~f-r-~~ t ~n"'(v~~ PHAT 

it (CSP it) t 0)J:t~~1iffi ~ qT --:> ic; 
It1fI~~1Ilfitj:, ~1tit~: J: ~~~W~ ~ :J- V-:,; 3 :/ t 

~~~~,~~:.t3v~"'(qT--:> tz; t -r, ~~W:,; ~ a: V -:,; 3 

:/ O){ffi*, SBPH tttj:, ~~: j@j~~WT~:.t3 v)"'(, CC 

i*~ PRAT 1*J: ~ ~ ~v)lE~$ ~~~~ :. t iJ~-r- ~ tz; 
*~:, ~~~~,~~qTv\ .L-JTO)*a*~l~t.:o 

1) CCitt±&~t.:g:.O)~I!~: J: ~ il5£g~~iJ~* ~ v)o 
2) PHAT 1*tj:, *)]M&.~t-a-O)~WiJ~:V7j:v)!B@:O) 

JtlJL'1iJli:-r-t±~fflJ.l ~:tfjl1JftiJ*~ ~q:r -? 0)~:~t l "'(, 
*)JMoc~ttfo)~W~~* ~ v)m~-c"'j:, 1l~lE~$iJ~* 

$m~: (*~-*-?t~:) 1~T It.: o 

3) SBPH tttj:, *5E~f~~~~~ 10deg. t It.:~~ 

~:tj:, *JJM.&~t.:g:.O)~~iJ~* ~ v)~~'t"~ --:>"'(~ 93%0) 

lE~$iJ~~~ ~ nt.: o ~~~$'j: PHAT ito) 45%~:~t L 
-r SBPH i*tj: 7%t, ~ 1/6 ~:1~T~--tt~:. tiJ~-r­

~ t.:o 

4) ~~*ti*O)~~ ~ ?ttJT~qT --:> t:.*E*, PRAT ittj: 
~4 7j:1JrtD;O\ ~ ~1j*T ~ ~JJM.&~t.:g:~: J: ~"'(, 1JrtD ~ 

*~M~:~1t5ET ~ O)~:~t t., SBPH ¥ttj:&.~t-a-O)~W 

iJ~/J\ ~ <, ~ <0)~~~iJ~%711JrtDip t? 10 deg. J:JI*J~: 

-EiinlV~~ t v)~ 4*~~~ L"'(v)~:. t iJ~?t;O\~ tz; 

PJ~(7)*li*J: ~, 4'[H]1J!~ It.:4t7+J'\:/ P'l::!-7 *­
)v J" (SBPH) 1ttj:, ~r*J&.~t-M-O)~V(J)* ~ v)m1lT 
-r-0)-a=-711JrtD*~~:~~jj7j:-¥jt-r-~~:. t ~~a;g It.:o 
*~6DJt~~~ L t:.4t7"J'\:/ J"l::! -7 *-)v F9l1JItj:, 

mliffi~~~~O)ocM~O)~~V~ft_~~~O)-r-~ 

~o J:~",(, ~§1Lffi~~~~flJmT~MUSICit7j:t" 

0)4t7"A ~-A tt~: ~ {fJiclj.fJb--tt~ :. t iJf-r- ~, Itl"~~ 

2t~-r- ~ ~ t ~:Z ~ iJ\ ~0)1ff{~ttj:4'~fO)~Jm t ~ ~ 0 

~ ~, 

*~~ ~q:r ~ ~: ~ i: ~, ~~: .t3itt~~~:~ ~ t.:1J 4 ~ 

~U~Cll, JL'J: ~i~<~~tv)t:.l~~o 

**~~*~*~~~W*~~~~~~$~~O)~ 

t~{~fikec (~PJT~'j:-V?J\(l*)) ~:tj:, *:fiJf~~)1tcS')~~ 

~O) ~'t§'~~U'~: J:~ ~ :'''~ji 7j: t~ ~ v) t: t:.v) tz; * 
lUl*1t-ec (~PJT~tj:=~m:~(~)) ~:tj:, ?tqT~Jf~~:~t.: 

~ j{£~ nX:*& U'~)( ~~~ l "'( v) t.: t':'v) t.: o 1 t.:, * 
~~~1±~q:t0)1ftji~:qz~~:tj:, ~frffi~~~~qT~ ~:~ 

t.: ~, t1b1Jv)t.:t.:v)t.: o lI~f~:, ~~%~O)1J~:tj:, -)( 

~~lnt~ ~'t~_ ~ v) t.: t.: ~, ~6BJt(J)~O)rPJ~ ~ tj: iJ~~ 

:. t i1~~ ~ t:.o 
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lE1lt~1f ~:M:i~1P~djHE i! c i.r. MMSE (Minimum 
Mean Square Error) [18] O)~$.:cy)vl:~ -::f<=Fi! 

7'l f.iE~~h-cIt 'l.J o ': O)=F i!'±, ~1f1§~1J{1f~~*l~ 

(H I) c~ F1f~ ~*l~ (Ho) ~ J!~ "t l.J 1§~ -C' ib l.J cf&: 

JE l-cIt 'l.Jo J: -::J -c, J!J i& t~* t~.:" c 1 :f-h-f'hO)~* 

l~I:~"t l.J ~$O)1:t (Jt OC 1:t L1 w ) ~~ (A. l) 1J' G* 
~ , f- 0) 1IHr~f:tglogL1 ~ (A,2) 7'J{~ f~J: ~*~It ' lR 

ra9~1f~ lR rIM~1ili c"t l.J': hG O)~$.:cT')v,± MMSE 
"C' JE~ ~ h -cIt ' l.J 'i:> 0) ~ ffllt ' l.J 0 

L1w = p(XwIHI )/ p(XwIHo) 

= 1/ (1 + ~w ) expbw~w /( 1 + ~w )} (A, I) 

log tl = L log L1w (A.2) 
w 

c ; -C', x; I±A1J1§~0)~JIll;fra9.A~7 r n- , ~w I± 
$1Jtr SN rt. 'Yw l±$f& SN 1:t ~ ~"t 0 ;t tz, ~w l±@: 
iii;R;JEi! [17] ,: J: ~ ti lEL tz; 

A.2 LP C ~Hff(= ~ -j <.:f. j~ [19] 

1f~0)!j'!f ~-c' 'i:> ibl.J I6J1.JH10)1'f?W< ,:~ § L t::.tlEJEi! 
~ 1#ffl"t l.J': c"C', ~9€tl~1fI:M l-c 'i:> ij[itc"t l.J o 

Jl..W B~ I: I±, LPC (Linear Predictive Coding) 5NJT 
O)~~~ ~~.Wl, f- O)~~ffi~~ft~GI6JMtto) 

~?W<~~W"tl.J o ':O)~, I6JM tt ~ M ~ ~ ~ fi O) . ~ 

t± ~* I6J MO) JHY: 1fr -C'* ~ t:d§r~~ ~"t o J: -::J -cAra' 
O)~*mJM (l! 'J+ I6J M) t:ibt::.l.J 3~ lO ms ra9 ': * 
~ 7'j 1§~ ~ ~ l t::.~~I: 1±1'f~fi1J'111±"t l.J c tlEJE-C' 
~ l.J 0 
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