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Tellste] g A5 th gk 2 % S(direct sound)#} F 7] WAL S-(early reflection)S
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dle] g wekole}, o= Ao vhekst Fejo e AL E A g
7hs 3ttt &, BRIRS #1452 3F vhef gho] 96K 7 & A& Aol & 7ha 4= glom,
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TP, P-E At ¥ QMF Zw Q] = AR =l Aol A 7] xbgk
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(120 P-StE QUYL A AL EZ PH o £ FE Y, vhe s ¥
Aol thal e S ek ER, PtE AP /] AAE AN F
MR EE g ANE SR AR e ZRANS B 48 % Q)

[121]

[122]

[123]

o,
AA B =C] theto] TAF ZrAY o= 285 55 ). o| v, P-7E
Ag 7 TR AN 0 R A E A sl tig oy 4] A B, w-d o]
2}-<1 F &1 ¥, IIR(Infinite Impulse Response) L EH & o] &3+ =
28k 7] (artificial reverberator) & ©]-8-¢F 22 = A4, FIIC(Frequency-independent
Interaural Coherence) 1.7, FDIC(Frequency-dependent Interaural Coherence) 2.7
5ol 39k 4
gt p-vpE o) th gk u}ehv] E 2 (parametric) 22 A & A= A F 7HA]
£ =, EDR(Energy Decay Relief)?} FDIC(Frequency-dependent Interaural
Coherence)®] 57 & B.E8h= Zlo] S a8tk WA, P-HEE o «] gl A
wEskd, 24 Ad M2 EDRO| 4 = A S & = ok A A de] e
EDRS 7FA| AL 171 wlioll, 2= AL S 37 s 5 e A 2 ok m gt
T, o Ml Al e P-oE Y Y S e al ek A2 ol A el A
ettt ojul, M7R el el theto] M3 o] F&FAa 5 s of sh= P-9tE
AT g o] A4HE, M-to-O The ™ isﬂr 18)(FE1,23))2 FEFHOR E9o R
L ac s ?i*}a‘:ﬂ o5& Aed = At} o] 9} 3] E}t EEs ”Eoﬂ o A
7 vl 2 FDIC K45 =3shA =3, HE A d 2
FIAFE UE mEHOR ? o °‘7ﬂ o ‘ﬂﬂ A
e P 1=l

5‘“0}04 Eﬂ Hﬁ O‘E} oju, M 2 FHH05, 1805)0l A e AL &
el & AL ¢ Aol FAT Al ZEHM, Usqru2)® o] 53
A1 3H(normalize) s} o] #-v] = <= )T}
IS & S A GE 1S DI e ol
A7 (240)+= T 25 (241), ol v A 7H
) IC Hz] H(244).§ ia‘;}gz,: olq_ U:g},
I A0S A S 8, BRI shebol ] a1 e] pot =
TP B 3132 (360) = BT 2 A EALE WE] A4 2 IC 2 A4 3ol
vlho]l =g @] f-ule) Aeg].
HA, o g 24D HEAE ¥ A3 X0,X1, .., X M-1E 7
AEIE e 2 ahe] i Th T2 A (S, i AU A E)
X_DMXZ A4k, ol U 4] 7040 vl a2 A 2w ohe ) 22 A o)
et o) AT et ol o v 1S weg o] $1s) 7
APl e o bl A Be A5k AeE S gl e 2
MU ] A 4 PIkE shebul Bl SR a60) 2 E 958 4 glow, o
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[124]

[125]

[126]

[127]
[128]
[129]

AMEME ] Zb Qg elo] E= e Ao 23l o & Ay E

O ZEW, g u] 22 A HuIE BE] A% g A sl thste] 7 AW 2
gJo AEae AE] A AT AE S5 Fio] FEES Hsto] H59 4
Qleh ubebd] o2 Qe W A5 A g AR g o

F7120% SHE ] o) U X 7ha 542 Wl ek the ) 2 A H Al WE A
A ol wheh B i e @ the Tl f AHE A A5 S £HS

T %o, P-3E b E 3HHE360) 2B A5 2l H A, w22 (225)] 7]
A oY g 5E ¢ g

t&-o 2 tad o) E(243)3= ol YA a7t v H W vhe T A A 59
tzd o) A% D DMXE At} vl

L2

ke)
3| o] H 2 (coherence) & =4 3H7] H
@ '3 3} 7] (phase randomizer) 7} AF-8-2 4=
SR A5 S v & 5 o

3, vlo] e A 31 Pyt E v B 31 (360) 2] 541 H IC

g vl gl @2s55)el #4e 4= o 1C v A (244) 2 A I IC
w3 7-(244) = P-mHE wha}v ] SR (360) 2 5-E] IC 3k A AT SR
o, W2 (225)l 7] AAE IC 32 B 5T 5 ATk IC v (244) =
ol A 7t vt el R vl A AT raddold AETEIC e
Fastel 7bEA) Gk, o) & Sa 24 el 2§ FH ALY Lp, Y_RpE
gt Aol A A E X Hade o)l AE ASED, sl A B9
ICE

LA

et P w), 1IC v o] e 2, - A AZ X L, X_R2 g 723 gl

= sqri((1+ ¢) / 2)X + sqri((1-¢) / 2)D
= sqri{(1+ @) / 2)X Fsqri((1—¢) / 2)D

(HFE F)
<al 3= M= 2] QTDL X 2 A A >

2 T 138 FxE P g o] QTDL 22 A/ o] thefdt
gl At =5 gl =, QMF = 9lo| A QTDL =A% =

o~

A Aol

33 E 5 29] QTDL 3 2 A4 4HE250)9] thFsk A A7 5 12 2 & 13
FrE AWET =12 % 5 139 AA oA HE A d ¥ A E = QMF

Ty quule AT R AT 7 whakd, =12 2 5 139

Aol o A 5l-d#o] e}l dE F -5-ddo] e}l FH = ZF QMF A B =
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HE TRALE 78T 5 vk 3 QTDL ZE A& F 3k vpe} o] 7]
AR AT EE 7 A8 T MEE V22 B 2 Fag lse
e T o weF ¥ 2. v] @ 415 ¢l SBR(Spectral

[130]

[131]

[132]

3 T o) g 9] 2849 5 EE 98] AF8-5 = SBR(Spectral Band
Replication)= #] B]|E& F 53} A] 21 =35 ) G2 AT E HH o2 35
FOR M E F-g oA FAFsto], ff A SRk WE & 81 517] 913k
Lot} o), a1 T ) F 2 5 8o AFEHE A Faka gl g 9
AR QAU A A 3 Fok o Ao HI7 R E &85
AT 12 SBRE o] &8t A E AL Fak RS A
12 9Hharmonic) 9] A/ 0 & Q1ato] eff 2ro] WAy 4= gl =& SBR W= +=
L FakgE o), <2 gk vpe} 3ol ad Fubar o o of ek A v
Zrch =7, SBR W= 9] BRIR /| W= HE &= F a8 ZR7F A ow w2 7 &5
zk=o}, wrebA], SBR Wl H ol F8h= A 53 o 9 ¢l tf ¢k BRIR @] -
ZEHFAE TS A Rus F8% 259 52 o] 851 Ay H &
FastE Aol 529 g gin] A4 SHAA vl a4 d 5 o

-

ATk &= 129 A Ao o] wb= W, QTDL X & A4 H(250A)3= ®-d# o] &2l
LEE o] &3t
g & st f-ddo] gl e =2 Al A&l thste] 7] dA =
2] HRE ZEFAE Fastth ojuf ALGEE A e T AARE
21&of of-&3h= BRIR A EME FE Al52RE 23 55 gfebv g el
71z8te] A73E = Stk A7) ebu el = f-d o] 2fl HE o] AE-E Zb
ol o g d gl o] (delay) A H. Z o]l t-5-3Fi= A% (gain) A H.E E g3},
slodgo] 2fQl e o AMgH = e = H - E Aojof o] A4 =
T At QIDL ZE A F(250A)+= 7] 2% & 7ol 7| &8t 24 2 d &
AemE EH2 e 5 gro gl-gshiE ghepHEl(AIQ A E, didlo] JH) Als
BRIR I}2} v B 3} 7 2 ¥ =A1 3k}, o), =41 5] 1= ghel| g Al s
B A&l &8s BRIR Bl = A Al5=25E FE5 1, st
AN o o) whel A= 5= Q) o] S E W, sl BRIR A Bl = HE A5
ol D A5 FollA A gk 217 =, A w2V e S w4k 2]
FoR g7 7l A" ¥ 4w 59 93 E 2z ol gt gl e 2] Alo]
FAE g Q) ol o, 7 stebd e o] dEo] JH=EE I X ARE
LER ™, QMF Q1o A A& b o] A gh& 2=t g ARl JH.=
&l BRIR A Bl = HE] AlS=2] AA 119], sl dalo] 4Rl th-g3)=
9] A7) Soll 71zl AAE 5= v} ol w, ARl R = AEE I
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[133]

[134]

[135]

[136]

[137]

Agoll A o] sl 3] A4k AA7FAREE T A RE A A JEaE FE A5
o gt ol x] BAo] =35 o] 29 s 99| 7FEA] gho] AMEE T
71 ARl ARzl E d] Aol T gk A 7hE A 2 s g vk A & g
o|-goto] 55, upehA A kS 2t

lodeo] efQl e o o8] e @ 59 Ad A= 2 AEE HE
289 2, %59 AEZ Y L Y RZ A9} 3HH, QIDL
2 A F250A) 2] 7 §-d el o] efl e el A AF§-E = Tt B =
vtol = JT] g o] 7|3} BAgol A v Xglel] A gdE 4= 9l o, gt g
744 ¢l A4k glo] QIDL & A4 o] =31 = 4= 1.
W o] o} 2 A Al o o] ulE QTDL X & A4 H-(250B)E YFEF a2
Z W, QTDL X~ 2 A’ #-(250B)+= ¢1-5-d @l o] g2l
= AT X0, X1, ..., X_M-1°] tfgk A Bal= H
o] e}l e = 7 A d Al E e glshe] g 7)<
= Ao = olget 4= . o] AE-H = e dlE
BRIR A/ Bl = AE Al42HE A4 54
2 5= AT} A7) e B = <t vlel 2ol BRIR

do] AR o]e tf-§shi= A HRE

L
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513904 L0, L_1,... L M-1-= 212 M7i 9] A d el A ¢l 1 2] BRIR
gk e o] & VER AL, RO, R_L, ..., R_M-12 ZrZE M7 9] A dell A @ 2%
71 22] BRIRO| o & d o] & vebdit) o)u), d|o] 4B i= & F BRIR
ABENE AE Al T Ao gk 27 5, A k2] B 8wt AL
o Ao v ol ok AA GRS vepdv: 3 5 13914 G_L_0, G_L_L1,
o GLL_M-1:2 2 A o] 2 e o] QR tf-5-8h= A9l YL, G R0,
GR_I,...,G R M-1& 72t - A 9] 2t defo] H R thedhi= A=
yebdith g vkl o), 4 ARl J Bz o BRIR A HHl = 2 Al=2
AA 3k, el g Do) ARl vhgah= ¥ A0 A7) Sl VI xste] 24
k. old, A R = ME = FE Aol M ol e 3| gk AA 7 ALg-E
T QAR A B HE Aol thEE ol | x| BAfo] =3 E o] %2
s =] 7Fa A ghol AbgE 5 vk Y] AR B R A= s el thgt
A 7he A Ws| e 7S A & 3 ol 88kl f5HH, wEk Bag s
Zh=

olet o), Hl-vi-dejo] el BE o e BEHY ¥ Ho A A o=
A= ER2 29 &, - &3 A% Y L, Y RZ g &3 QTDL
ZEA|I(250B) 2 71 2l-5l-d e o] el EE oM ARz vl E =
Alol = A Y o] 2713} Aol A wllo] Agd 5= glen, seh g
FEE A F7HAR Ak glo] QIDL 2 A o] =3 5= o)t

<BRIR ¥} &} 1| €] 3} AFA]>
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[139]

[140]

[141]

E5 5ottt A H vhe} o] BRIR e} B $H7(300)+ F-3HE
spet | 8 547(320), P-3HE 3hebu E 317(360) X QTDL 32t H Bl 347 (380) &
Fal 4= 9l v}, BRIR &b E] 3141 (300)+= A {F =191 2] BRIR ZE A&

S 8 418k, BRIR b H B 3147-(300)2] ZF A B -5 =41 ¥l BRIR
o]-g-3lo] vlol = A& 93¢ ZF g E E YA g
w2} BRIR Zheb| B 3H7(300)+= Alo] setH e & #7144 0= ¢ &
Jou, =¥ Aof g ol 7]z te] St E S AT 5 Sl
, -7 E vlebe B 817 (320)= T3 LH Q] 7R Xb= H B ¥ (VOFF)©l
$t Aty A EmE e Alge) 1o e Bz shdbd &S A gk
& 59, F-9E g H 37320 Aud A= IE A5 AASH
b = e A AR, HE 2 JH S8 gk, ddd
M= FE Aol et E5 w9l o] a1s: r ol HEE F3str] 9 g
E59 718 243 F-3E g v 8 817320001 4 A H A
vbebu B = p-9}E v} B 3124360) 2 QTDL I} &b B 312 (380) = A e <
At o], Ay = v B = F-9 E ghbd g 3132009 HE 8o R
g ¥ A ko, F-9tE dhebuE 3H47-(320) 9] SZE A o uhel F= kel A
e} o] ZE|H, A7 S| ¢l2] AvkE BRIR T H A4 5 ¥t 4= 9l

P-7} E v} e} B 87 (360)= P-IHE flH ¥ =, 738 A2 o8] ek
st e E A g o & £, P-9E ghe} e B 37(360) = th R 2
Aam= FJE A5 IC 4 & AT 4 ot T3 QTDL
aheh v B $H7(380)+= QTDL ZE A& 918k gt 86 & A A gtoh ol %
A A o2, QTDL 3} e Bl 3}47-(380):= F-9t = afefhul| B] 8447-(320) = - E
AMBWME Y AlgE i, o] & o] &5t ZF A Bl A o] Heo] PR
2 AN ARE WA ST o) o, QTDL Z}hetw B -47(380)+= vlo] = AT & &
S8l Ao Fab =9 A B (Kproc) @ ZEFH S S Fap
i = o] A H (Keonv)E Ao b e &2 =218 4= 9] 0 Kproc I} Keonvs
BA R shE A EE T15E 0] 2 Fabar Wl=of tfshe] Hielo] AR E A
ARE AT 5 Uk & Ao w29, QTDL e} H 3147-(380)+= F- 9t &
vhebu B 3H7-(320)00 E3HE A o= AT ¢ ATk

F-3}E ahehw B 3447-(320), P-2HE 3}e}H B £17-(360) 2 QTDL
v} B S4-(380) ol A Zh 2 Al H el B B2 vho] ] flT] ¥
FREEANe R ASET) A AA oo uf =2, p-3} E v E 3121(360)9F
QTDL ¥} B 8} (380)+= vlo] = At ¥ f-H oA P-3}E @l ¥, QTDL
S RA|Y o] 747} ) E = A] of o upe} shebH g A o 5 AA T 5l
qhef vlol . At ¥ frylol A P-3tE vl W QTDL #T & 5 4o =
stu7t B A eFs A5, ol tlg-sh P-3HE shefu| B 3HHE(360), QTDL
ateb v B $H7(380)+= et B & A 8] A A H e H B E vlo] = d
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[142]

[143]

[144]

[145]

[146]

[147]

B Ayl dEEA &S 4
L 15¢ &4y o PO E g g st 7F A S YR E S Ro| )
¥ uvhef o] F-3t E spefe Bl 8447-(320) = 2 3 A ZF AHE(322), QMF

H 3R 324) 2 F-IHE It E A 33008 253 5 Ik F-IE
e} 8] 347(320)3= 5741 AlZF 5= Q1 BRIR B E A& o] &-351¢] F-31 &
AU S 9l ddd e I Al55 Qs 34 S s

WA, A9 A7 AR (322)F A7 S|l BRIR ZE A9 A s A7k
ARE AEshaL, A Ao A G Kol 7] Z28ke] Al {F =] BRIR Z H
AFE At} o 714, 23 A[7F A Bi= BRIR B Al5=2] 7] A& 241
2 F7A ] Al S VER T A a9 Al 7EARE R (322)F AlRF = H[Q] BRIR
e Aol A 7] A& A g) Al dld s 78 dusle] o] & A A

% 9)
BRIRJJH Aol Ak A 7bg F4sh7] A sl v o] AbgE 5= 9l
A Al ool up=H BRIR ZE] A2 Aol 9] gkell vtz YA #tro &

A ghol vebis H o] A4 H el 7] 28] Ao Al S
Stk ol e A A H o] A A DA AARA L A= BFE G
A EE A 9p Al ko] Z47F BhE = ek Trel v vhol 'l e H o 23 A
Auf Al gko] Akl BRIR BH A5 o] &35t FuFA& s, HF
apol il Rt Y | A5 deol 2 BASH] fle)A = B Ad el duh At
At Aok Fdaof dhe). w3k, ZF Aol FAT A5 Al AR E 4 8510
dobs sk, N Aol e ik A ae Ed 5 Uth

< g o] AA ol uhE A vk Al A HE AbEhy] 96, WA 229 9 (frame)

etz koll Hiek a9l el A E(7h 1A e 5= 3l

e m, FH A4 AE AE i AR B Q1] Bl

Al 7F =<l BRIR ZE A4

m
AL %, kR A el el Aol Zel9) ol v A B the 4 o R e

grir m=1 i=0 Sgm n=0  im

©17] 4, Noguee& BRIR LI 9] 2] 157, Nyoy & 7] M E F Abo] 2, Ly
a9 Abol 2 thebainh, 2, el 9] U] Eoiz B A7t ol thk 7}
A Tl o X el HFglo R AEE 4 9l
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[148] 71 Ageld el olUA B E °&3kol, A ap AlZbpy B+ 4 22

[149] 345
. E (k)
pt = o +N,,, *min| argl———= > —60dB)
2 x max(£)

[150] =, A3 A E 2SR (322)E 7] AR 5 EE A X" (shifting) SHH ZHE| Y
NUA & ZH5ta, Td Y olUA7F 7] AAHH AL B & H xo T A
APE gk, o], A up A ZHE A EE Hxo] 2] F1E A4 Oiﬁm‘ =B
SAth. @hH, 57512 5ol sz el Algkol H o e Q) ol #] Br} 60dB & he®
AT = ASZ oA o] QA gk, B g2 ofof g 3tA] o ¢ A ¢k
Hol ZH Y ol X ol vl#lsh= 4k B AU Zd|d ol =]} 7] DA 2ol E
;%t }oi/\qzq /\olq_

[151] 2, 5 ARl 2 (Nyy) R ZH Y AFO] 2(Lgm) 3= 93 BRIR HE Al 527}
HRIR(Head Related Impulse Response) 2 B Al =1 %] o] F-of] 7] =3}o] 7 = 4=
21Tt o], 31¥ BRIR € E| A]527} HRIR L E| 7]4=14] o375 e =
4 B.(flag HRIR)T= & F- 2 H-E] 5419 5% 9] 21, A]ZF &= H[ Q] BRIR Z |

A2 Aol & o) &35lo] FA4HE 5 u) dutz o7 %7 HALS- 91 E 9
T30 ke L] 7= 80msehar & A LTk uhebA], AR vl BRIR Z E
Al5=2] A o] 7F 80ms ] 3t 7 -9- 3l ¢ BRIR B E] Al5= HRIR ZH A5
8 ¥ 31 (flag_HRIR=1), 80ms Z ¥ 7% 3] & BRIR ZE| 7] 5*:= HRIR Z H

Alp7b obd Ao ® wdE 5= glth(flag HRIR=0). T-F 913 BRIR B ¥ 757}
HRIR Z ¥ A<l 210 = sH= 7 9-(flag_HRIR=1)9] F A}o] Z(Ny,) 2
L Y Ao (L) = 3 BRIR ZE| A|5=7F HRIR L E Al 527} obd Al o2
w8 7 -(flag HRIR=0)9]) ¥]3}e] 2h& gho = Ad7g= &= glr}. o] & el
flag HRIR=0Y 749~ 3 AFO] 2 (Nyo,) R 227 91 AR (L) 3= A2 AN D}Hi 8
2 32R A H ﬂag_HRIRzl%l 85 & AFOIE(Nygy) R Z ¥ AFO] 2 (L) =
A7 S G2 18R AAE 4

[152] &g o] AA]oo) =, _J‘r A ZEAFE(322)E AHEE A ab A7 A R
71%3Fe] AlZF | 2] BRIR BE A55 Auts }ﬂ A vh¥] BRIR BE A4
QMF ¥ &7 324) = A 4t} of 7] A, A ks BRIR L H A5 Y&
BRIR 9 E] 215-01 41 4] 13} Al ko] aehis 4 & A% 2 AN &
AEshz AH A E 7k A vp ARE AR (322)= A E Ad E, E=
29 Qg & AIZF 5=l BRIR ZE A 55 dytste] QMF W #7324 2

FaR=x-a=
[153] QMF ¥ 3H1(324)= 912 ¥ BRIR 2] Al5=2] A 7F =HQA-QMF %12l 7+9]
W3S 2l el )l = QMF ¥ 3 (324)3= Al 7 =<9 A3 BRIR ZE
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[154]

[155]

[156]

[157]
[158]

ATE FAlehL, ol & a9 Fata M 42 o g6 9]
AE A5 2 H3sich W3ty qrus dF 7552 F-9 E a8 v
A% Pr(330);t1 Ay v, F-oE sbepbd B YA H(330)F G20 H A Bl = FE
AGE o] &3te] Ayl ums dE A5 A} B ot E
w6 8142320)9] 18 0 & A 7F v 91 BRIR ZE A%7}F o} QMF 5219
BRIR Z ¥ A7t 721E -5, =¥ QMF Elﬂ]ol BRIR € E 7|4 QMF
2 (324) 5 vkol ¥ 2 (bypass) & E} Lt oh & A oo W=, 9
ZE A57FQMF =1 <] BRIR 2 H A5 75, QMF ®13-(324)&= F-IH &
ah| W 8] 3} (320) 0l A A EfE 5

162 & 159 F-3tE gfepd e YA 4 AR e e B2y o))
S A § vpef o), F-mhE shebu B A A H(330)3= #HaF Al ZF AFEE(332), EE]
244 A7 %(334) 2 VOFF ZH A5 YA (336)5 2318 E} F-71&
gebul e A R(330)= 5 159 QMF ¥ 3H2(324) 2 2B QMF %9 Q1 9]
AMBNE= FE AFE AT 5 dvk g vlol =g dvj Y & T%%}% o
T3t = A B (Kproc), 74 & T8t T M= 4 H (Keonv), 7|
A8 o) FFT =17] AR, 52 Alo] st} Bl 7} -3t E she} v B
AEFGB30) = = E = AU

A, 2 A2 AFE R (332)= Al E A B E HE A5 o] 835te] g
Az B RE g53%n g5H A A = A 2 AN (330 E
sy, oHDL AMEME=e] A 25 A sz AREE
AZE B RE 54 37 ol uhet vlo] o 2 (bias)tt HAP7F A2
te Aol 43 BAE o] &5l ZAH ghe o]g3t )
whE A AR ARE R (332)E 2 ARl e] Fa g A g RE
@H&ﬁ<ﬂ~ﬂﬂxyfﬁwﬂﬁ®iﬂﬂﬁq21 =] A<
/9 A Qe A ez Qe A ko] T3 Byl FE
AW E RT(K, m, i)TFal o o], M= ko] H 2ak A7 A

ol e ka5 e,

1 1 Nggp—T

- > 3 ATUm.)

Brir =0 m=0

047]}\1,NBRIR'C BRIR € B 2] A A 7l 9=0]t}.

2, 8 A7 A (332) = HE A Y o] ol-gahis 24 B uls
A2 e 2eE A ZF QB RTk, m, DS F538aL, U *hﬂ_qHEOH o 5}
=3 A9 e A7 AR RTK, m, )E S FH3HE, B 28k A7 AR
RTYE g 535t} 8535 Hf 2HaF A2 B B RT= EE| A A4 (334) =
AGdE, e 2 AA N (334)= o] & o] &3] T A H o] A& =
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[159]

[160]

[161]

[162]

[163]

[164]

shitel e A}
RT20S ¥3+st 4=
RT60 ~<>l gl =4
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‘3—’/“: H 4L Sl
AA l,ﬂ4(334)oﬂ g
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(334 & 5% &3 AR G R 7] 23] W
Aamz=e I 25 Ayt HAedtule) o), dE 25 A H(334)7F
53 G A GREsld ARl Ee] H A A AR
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