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Hol= Al /19 9 AYE(channels) S 7HAE Y AB(10)E Balshs oA,

e 28 (downmixed) AlE(14)0] tht vpe] v fEso] Aoj 2 B Y AEEe] sy Hns,
gevs AZE g5 Al 7] 99 AdeE vendss(12) Bl

w4 A7H(18) w=at7] e 7] ey AEE EAeE16) Al B

A7) ®A A8 E AHEER], ] lE A5(10) BE A ) AsRYEH fRE A5(24) e A7 o
2 A5 fFEE s AYs=(20) dAE 3k,

A7) B4 Ane BeE 252608 587 8 A 98 A52REH 58 259 AdE T Y] 9
2 A5 A7) 4E AdEd HeHE, 98 AsE sk .

AT% 15

H3FE (computer) = ZZA|AM(processor)oll ofste] Had o, F43 14 WS Fdsh= HFH 222
20
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o17ke] 7 (auditory) A]|AEL WE ko & HE] A}9E(sound) 2 A ST A 7tE F (A} =akE o))
94 @S BEASEE O ARSEE 9, FZbolgke 8ol AZEE S YE) 4 B /\]'O‘: o]
HE 8 F3 379 S (acoustic) 549 e BHIH. 54 ARRE AE(fielddlA AZd F7 A
< (HoE FEAo=) A9 dFlA ANoEe] &ste Al 749 & FHEER Zd¥ (nodeling) 2 F U
ok, AT B9 Agale Al 7HA 9 e FEES tolAE(direct) ARRE, %7] WAFS (early reflections) W
ghal WALE(diffuse reflections)o]th, o]E5 AT ELS 27w Azt T olujx]e] FAld] 7]of 3t}

tolHdE A== W] glo] AREE &(source) ZHE HFH A (listener)olAl 24 Aoz mdsts 7 A}
TE oHES] 5SS UEhIG. o2 AReE Ao i 54 (characteristic)o]al ARRE oHIES] QA
Wgkol] ¥3k #H A &3 % (least—compromised) FHE AF-3tcy. HHoA A= A2 Wlgko] =4S 93 5
2 FE(cues)e F ALY AlZFxH(interaural time differences, ITDs)¢} F T2l #=@®A(interaural level

differences, ILDs)Z &= HFH 2 5 7 A48 ANITE 7Ho] olEo|t}. thol, Yo]dE A= 9] )
o WAbE ] TR AulA Az A H AMES /AL bgE WFERFE AEd =G toldE A=
] }\]—EH;GOE /\]7} ;qoﬂo] %7} Lf,:i H}/\].Eéo Hr=n

R

& WA Eohe,

HALE ARR-E3= A7 A ZH(distance perception)ﬂ} Holm F 7o 2AER FAE A T3 < (auditory
spatial impression)o] 7|3t} F 79 QAELS ofHHE A2 UH|(apparent source width, ASW)(ASWZ
e Ik o g AgEE e golve A7 %7@*@( auditory spaciousness)) % AFHAF AW EZHE(listener
envelopment, LEV)o|TF. ASWE AFSE 4229 oHHE HnH|9 g Aoy, FE 27| =W WAlES (early
lateral reflections)ell 23] AZA AT}, LEVE A=z 9 E HH 2 22H(sense)S 9wy, F=2 A4

-2z WHAlE(late-arriving  reflections)e]  9a ARG, A7SF  2HHL A= AQA
(electroacoustic stereophic sound reproduction)?] E3+& wE2#e Az ¥t olmx|o xZ+& %3 71+
Ao}, ol AAH e AFA Fx(dE B, & UMY ZAHE S2)7F 2 F A, B ddd &
AEA B Al B9 = JuH(dE S0, A7]Sd(electroacoustic) 29).
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+E FEE ANt geoadA Aol Fgo] WA Huh @A A= Do, dE HEUE
(dedicated transducers)S AF&3le] AAH oz WAstE BE WAMES AASE 32 27153t o3 &
b o] WALE O] Ag- 53] Aottt Ek wAES] ElolW B HWl SAE fEATAE I E(feeds) S &
2 "ZH&FH (reverberated)" A EE AEEle] AlEH oM (simulation) B = At} T3] v)dHEGAE, AA
of AH&EE B2 AEY] Ao A= ARRE BV GAkE Ao AZEHE AE A %?}7]%
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A% Bol, A% AW, FA AY, +F AY, A5 Ages AY, $5 Ades AY, 2em AFH AN
.5

(B9 (subvoofer)) & 7HAE 5.1 A s NEE ol §af toldE L Quls PREZ NS $4L
FAsiok s AT, doldE/qus A BAL Agse wpe dusA g A% A 15719 e
M BAES e AFH AuE oplshe oA ) AdES 4 49 vug ndd & A 2 F, 4 A
dol WE U AYES W ofF 15709 M $aEe] BE FAE Fol, 1579 408 of¢A Brta
AX ART Ak olAe A7 Auldeln, Ask A¥eI] olel e, HYH Fel A AAS wEe]
ol Bof, vholg =/l el AN 85 ER, AWAL, ofF o Qs TYAE EE GE 9

20071 ICASSP 2007 &3]9] M.M. GoodwinZ} J.M.Jote] "&3F 20]Q 3 2 s 93 Wg-7|uk x93 4
$-A-F¥M A& F3(Primary-ambient signal decomposition and vector-based localization for spatial
audio coding and enhancement)"elX, 8 824 & (principal component analysis)®] F8(=tjo]dE) A
AHAE A& #3E FA357] g g Ad A5 HLH.

e dAYoi® g3 Ad(Journal of the Audio Engineering Society), vol. 54, no. 11, pp. 1051-1064,
2006 1199 AY2EX ZH"2HHQ ANEEY Ue-d-=237A AAMultiple-loudspeaker playback of
stereo signals)"3¥} T ZHUE 1233 7'1‘3“4 oo qdxyel® &3], 20073 10¥€9 AYAET Zy, "%
R A 2-704 7]k mpol g 2 ¥E A AEI(A highly directive 2-capsule based microphone system)"ol|A AF&¥
Rde s B ro]laRE S EA H-GE e dF Add g AsE 47 HgEtt. =R ES o
7 Folxl A/ AMIAE A3 FE& f% BHES FEST. o] HEHES i 2 F AdeY e
MsEo AT

)

F7) Fx =Eo® 20049 vol.52, no 7/8, pp.740-749, 2L X Yely &3], C. opdliti=o} J.-M. Jot 2]
"t A duxze] Fa4 =99l H(A frequency-domain approach to multichannel upmix)"o] $SIt}.
20073 ICASSP 2007 &F3le] M.M. 293} J.M.Joto] #x =8 "¥k ove md 2 48 93 Wg-7)ut A
gst 2 A-F¥ 215 B (Primary-ambient signal decomposition and vector-based localization for
spatial audio coding and enhancement)"o|A] olwilti-o} %o =Fo] thafjA vhS3 e FAE dgir}.
Z =2 2HEL 4 AZdA AHALE FEEE AT el AAS TEEE JOHE Xﬂ S
st} vlad s FE5Y 5 A 7o) A5 4B (cross-correlation) S 7|Hre& s, A9 tiE Ald A
o g RE dHALs FE A "o o] e A A8 4 glvh. o2 ixb(higher-order)®] 73-9-oll A
A-71RE o] ALg2 A AL S-S Qe AlSE 4 AR BY e gdsAd A48

TZF JdHx e A Y (Spatial Impulse Response Rendering, SIRR) (53} wl2]w}l(Juha Merimaa)$} 9o =
(Ville Pulkki), "&%F "2 24 @rj®(Spatial Impulse Response Rendering)", 20043 #| 73] tx& <
e ade ek A t3‘1(Pr0c of the 7th Int. Conf. on Digital Audio Effects, DAFx'04))< B-34 <l
e FFEdA BT 2 A ARREE 7H TolHE ARES @ﬂ—%ﬁﬂ} SIRRY wi-§- FAbeH, Wad et
FJ(Directional Audio Coding, DirAC)(®d &7](Ville Pulkki), "*3kAd ,‘P_Q AR 7}?(]% T A=
A A (Spatial sound reproduction with directional audio coding)", 2.T]% 2|

n0.6, pp.503-516, 2007:d 6¥€)E B-F2]o] A&HHA or]e s Ee] g AR E} J9E 2 it A= 2
AE FEsi.

=dglo} AFF(Julia Jakka), T8 2vle f9zo] izt A S3F(Binaural to Multichannel Audio
Upmix) H]—/\} 6]'-14 —‘J:‘:’ ‘gl /—\j'/\}fﬂv‘ﬁ ':]——:T"f’.—, 2'?“)617] 7]% ‘:Hf;_' 0050“}\,1 X‘“/\] ]_1__ @E":\ge O]Eﬂ‘gi}\‘l H]—O]_‘T_Eé
(binaural) ASTES AHEE UG %

Hol= g Fx =" A= dida FHd HAH Y dE(Spatially Optimal Wiener
Filtering in a Reverberant Sound Field), 2001 etje ¢} S3Fe] A3 Agle & IEEE = 4F(IEEE
Workshop on Applications of Signal Processing to Audio and Acoustics 2001), 20013 10€¥ 21¥4F-H 24
7 ZZ=New Paltz), 7= WNew York)"e 3 A= =5 3t 7402 FHAQ Y IHEY =5 A

e i = ’\]lﬁﬂoﬂjﬂ FoupolARE g AAC digk 8] FoXnt. it AE FEE9 FIF A
A fFEE #HAY HHES AR dEEY A9 45 A, wabA 3 Aol dAEAd 48 A
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Ya(m,i) Xy(m,i)
=W |
Yya(m,i) Xy(m,i) 7

A 2 s
J=E{|D, D, |} +E{|D,D,| %}
= (W,1)P,+WP,,

Po=E{|D,|*}+ E{|D, |}
P,=E{|A |7} + E{|A, '},

— PD
"= Py, Py
— PA
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Re(E{XXG}) = Re(E{D,+A)(D;+A3)})
= Re(E{D,D}})

—VE{|D,|"}E{ D, ). (10)

ECID, |} = E{IX I3 -E(A )
E{ID, 1% = E{IX, F-E{|A,I%). (1)

{10, 1% = E{IX, |}
E{|D,| )= E{IYZIZ}-%- (12)

Po+Py= E{|X,| 3+ E{I%,|}, (13)

Po=VEL X, |*}- EL 1%, 3) +4Re B (14)
P,=E{IX, |} + E{|%,|"}-P,. (15)
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