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Amplitude Panning Algorithm for Virtual Sound Source
Rendering in the Multichannel Loudspeaker System
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In this paper, we proposes the virtual sound source panning algorithm in the multichannel system, Recently,
High—definition (HD) and Ultrahigh—definition (UHD) video formats are accepted for the multimedia applications
and they provide the high—quality resolution pixels and the wider view angle, The audio format also needs to generate
the wider sound field and more immersive sound effects, However, the conventional stereo system cannot satisfy
the desired sound quality in the latest multimedia system, Therefore, the various multichannel systems that can
make more improved sound field generation are proposed, In the mutichannel system, the conventional panning
algorithms have acoustic problems about directivity and timbre of the virtual sound source, To solve these problems
in the arbitrary positioned multichannel loudspeaker system, we proposed the virtual sound source panning algorithm
using multiple vectors base nonnegative amplitude panning gains, The proposed algorithm can be easily controlled
by the gain control function to generate an accurate localization of the virtual sound source and also it is available
for the both symmetric and asymmetric loudspeakers format, Its performance of sound localization is evaluated by
subjective tests comparing with conventional amplitude panning algorithms, e g, VBAP and MDAP, in the symmetric
and asymmetric formats,

Keywords: Stereo, Multichannel Loudspeaker System, Vector Base Amplitude Panning (VBAP)

ASK subject classification. Acoustic Signal Processing (1.2)

HRAXXE M Al 2 (jdotsw@dsp.yonsei.ac.kr)
120-749 MEAN MUET MES HMCHEL 7| ™AHEE
(Msh 02-2123-4534; A 02—364—-4870)



198  Bl2SsIs(x| R30A K43 (2011)

LAMZE

1925 BBCo| 93} Hx=2 AH|H L (stereo) B}T] 2
Wdol = olF, AHEL AE duE AFT
W= EH7} ubE| 3, 193030} Blumlein®] 2J3]jA]
ZEEL =5 7o) AUEEA Tl 56 F A
RASKS *Jifn' AL o] 5 Wgh 2 A 4= QA H]Aek

12, o 252 A4S I3 HEE A 71
o Qlzke] F2 7|ne] B Bt ol2g ErfE B
AEHT} o RS HO I 59U
& 4 gl S P WAt S5, Ao A
o8 WS HRste] A7) AH82HE DVB (Digital

Video Broadcasting) 2} 2+ 529 T]X|E Hl<of A
ote AT e 42 2HHE 7EoR skl
ek, ERF - e] Heln|ro] Hdl=o] erje Zdo]
2gg|20]7] wizel] A7 = TVH PCE AREE A
A 717104 2E|E s2Ho] dHA o g AR Qith
SRRt 1990 TR E 7]2E ) 3HHO sdErt ot
Z1 HD (High—definition)& 74 (1366x768)°] tidt 4
71 2hars) ST, WolR Bk Alopzie olg)
HDE 9]0 A|Adlo] ERlsjoRst 83 T710] 33
Q7] wiol| Z1of WhE 28 ARS-E A dare|Zo]
A0 83t (3], Akt Haole G3le} 2o gl
2315t Full HD 114 (1920x1080) 2] A3} o] R0 %]
o0, ofi i 237 AlLSI0] o) 92 2 6o°
Awol AF s gFo g2 Qskal gl AuAY
Qo] ol A o] AL £ Aledo] Wiyt
o 2elo A= 409 4 Hobt oD
4o}, e S0 wHS U
485 39, S99l WH4o) Hoker) Boln 24|
ol MAyE 4= ek, Wi olefd BAE S 9
S WA 71 ol Aok AR 29 AulA
Afolof] F7HAQ1 Au|AE v A|Sh= W ol ITU 3/2
237 wjR| o)A e 219- 305 2] A Ato] Fto AlE
29| AE v sto] Ao A 9] 7H S A4 T oA
‘Q’%*?% 5 Sl flok ZE EARES skt siglct
|. 183 HDg Y2 AJLJoA = & o] 37}
/\—4742 A 2E| 2 297 Afolof| HjA|Eh= R =
AT [5,8].
o]e} T2 27 A A WS M= 7HE ¢
YiE|ES AR Qi) 217 Afo] QJoo] Higkow
M 5 9E THEaA & gjofl 7H Wol AR W

J

o9 WA

ﬂJ

N
10

297 AL o] 85)= Yl Wy (pair—wise amplitude
panning) WHo|ITE, M sy WS A= o2 i
& 7R 457t T AuARRE AR Flof mEshHA
summing localization®] E/g0] oJsf] AT|A AtojolA] &
-‘.1_]0] H]—'G}:/Kég ;4—7" QL— é{ﬂ% ]:7<-1 ._.k] (e} 0]3.6]— H}—H—]
ojtt[1. 7V S| Wgke F 2u]A 9] gl 2jolo] &
SiA 2=, ol I AjolE IC
level difference)ctal F-2t} A}l HAlo|L; EHHIE
212 o2zt fld sid W e} 7Y L Z]solH, ?ﬂ
A ol5 W2S] 4% FallA 7 o A4 7]
&o] AFE|IL QlTt [2,6], ©]F 1990t $4E, Pulkkio]
OJ8}| 4] AJokE] VBAP (Vector Base Amplitude Panning)
= iAo whle] Aol R 20| A1 4
St i LS T sk 4 4
HE|3Ic} [7], VBAPE o} g3to] WE] 7]ute] el A
oz ojo] AnA AN A ALE T
G A EIAT, A A2 ol 8% 371 % ke R
9] 3y A|Ql& Fh= triplet—wise WYL= 7Fs3F Tk
SR T 231 B A7) B2 0183
A 3 e TP -8 glo] ke 251 Bog A
< = EUd a3} (Detent effect) @1l £
L 2ol Yepdet (8], ol e §ols 7}
}E)]— .%-%]_94 75],‘?_7 29 ‘:]__4 H]—‘G]:/\‘]_L} _/lﬂ_,] _1_111 6‘:]/@-0] ds
EAH o] WAE 4=

1D (Interchannel

ol uje} BeidA oz Washe
s Ask7] $J5}ed, Pulkki= MDAP (Multiple—
Direction Amplitude Panning)2h= o8] ATAE FA]
o] ARg8H= ARR-E JH‘E} S Akt [9]. SAle]
=N ol 7V = ME S st sk 7Y
e sk MDAP WS 2440wy ek A
off whet A LsHA A 4= AT AR VBAPS: |
3t e sy BhHo] S Wl A aiid 97t A4
7] wizoll MDAP E3F S Wgkol|A| £ Aea HAksH
7] oIt [10], oo tiafiAl= & =l HH HAE
off &It vl A3l F3to] VBAPL} MDAPS] oty W&k
of thgt ds= —5':@1 SFAT
2ajA A o183 el 3 Rt Ee), Ambisonics
o} ol th8] 2AE FAlo AMEShE 7MY 5 H A
4 datgfBo e 2uA siid AlQlol & w29
43 1% gt (5,12, olef e How A
R EEPE PR TR D EE
Ko Hojzl oz oreld Qlct. hut Holl WA
TUdlE AlS HeRo g 2910 X]9-2]&= precedence

effectg} Ee|= dALo 2 ol3to] AZ|zjo] Qx]L} AJA

©°
L
e}

°l‘U




Agk FAol wigketar (18], E3F 52 9y

/% (phase) H3}e] Fafo] 52 Fstz

Uehd 4= ol WS 7HAaL (11,

A7 AFEEE 7MY S

A dElEY] AHE FAE 4 e AR Tl

AulA S o] 83t g Yae]ES AlRteict AQkE
Z-2 VBAP. é% HE 7]Hke

2 oAlld AuA 4 o] L

o, Wk Aol whE =5 ARgSlo] 9] 7Y

A 4= Sl WS 1—1%‘}%}. %

X,
ro
o
o,
rﬁ*:
je > 1

oP_]—_/_

Ao 48 sl A WS et B
W) RO R S S
73 gl

# 1eR0] T el H i 2uA wAIs} )
o173 S8 Y el S48 s, 400

H
fl
N
%
rlr
O
d

IL, TR AmB] vjxiet 7Py &9

Wy ATRS

2.1, TfE A3 Hjx]

217 oA dd sy dneES AHESt
785, 217 Aol o] F 1t thsl /o]
3, S¥9 Weo] FASs A= Aol A
k. olHg wAIE s st 2o WS T
gotA E7] YeiA AlLE A s F27HAQL A0
AE 7 29A Aolo] wjAE}F7| = ghe}, ITU 8/2 2
7w zjof|lA] ol 7]E2] s 2 ulix|ef Allel Ad
= F7IeE Zo] =gt olo|tt [4], 2uAE AFQlsh=
o= = Alofzte] o1zl HDw H'l= 9] Aol A
w9 WS A7) $IF Alm o5 Foto,
2 2 REE Arafor i AgH fof A o] Bk
g& o AesA AT 4= ASieE 1E 194 o9}
o) g 28] ol F7HA 237} Hail T
g AHH L A9A (multispeaker stereo) 732 LHEF
W oz olefet thfd AuA oA 71E o
EA=E thid 29 g darglsol dasitt (8]

ChiE

A7 SF0lM 71 SHS YY5| I3t Y g nelE 199

spky

sph,

J% 1. delof Z=of Chlfd An(7 x|
Fig. 1. Arbitrary angle-positioned multichannel format.

T =9 oY darEfse] A2 vAd el
7P AR S S 471 A%t HAe) A )
'3 AldE ARt SRt Zlolnt, vhld £uj7] 7o)
A9} aid daregol tiRt A Gerzon© e AR
THA B2 A7 ALA o] FolAIAL Qlo, 2o &
gL Ado] AlERZRY 22 F7]9] Ar2 iyl

78k o, Ml 7, e A A 2
Tk obet S8 A7 FHARE S e
gt AR SoEaL Qlek [3-12], & AtoAf= S
e Aol Fas old 207 wiR|e) oA E
Aele] Zireof vt ggol Azt 7 = A
ae|5of sl Alerettt,

_\QZV‘.:HE
n—‘[‘-&c’
r 0.

e e

2.2. 7P SY WS St HIE] Jple) g RS
S EEREEE R EEEE RV ER
57 913t o YRLEE ARl WA} EE R e
Fuke = WS, ARl Wake tae] AdE e w
Ao 2:317] Afole] F7k 4] gleje] zzo T &
7ol FoA A ALE AsHs WS AT
o] 5]

3 qlom), BHlE WAL B2t Helrh &
L RO oRPY X9 A1 Al Aol Huch
gt 7MF S0 WS ATSHe Ao deld
|7, PulklaOﬂ ofal Al2kel VBAP WL wAl
A e oz sk glon],
7\29] Ak *474 2 §ollA] Hlofut chopt
7w @7o] diald 218 7HsE e Tl sy
orime|Zoleher] ofu]S 7hek [7], 237o] wA) 7}
ol we wlE] 7]k} 441 B3] AAkEls VEAP
WA Thedt g 1S Fa Anrel 7MY 29
e 9 Aele] AL gelsich

el
O

rlo



200  E=ES2EBsR| M30A H4E (2011)

PT: gLy, whereg= [9192]> Ly, = [l1l2]T @

SZ1A 1,3} 1, & 2374 (peair-wise) ] T 23]

oy S A0 WEE Lrehle, piz 3 Al o]

_40}0:] AT|A AJo] 9]0]] ZHE & HERYL 7hA) ThA)

20| WElS Lhehict, $10] Aol b &9 v

o) pAN e 7} Ao BaA sl A
chea} o] 7hgks| Ak 4= 9t

g=p"Ly' @)

91} 7 2l 0. 23 Aol Tk VBAP S o
A Mekes 234 0] dhat sid Al 741* o=
2§ 7Ksltt (7). oS Sol, 1% 13} & Al A4
7] Rlolol) 1 SR WS 39 A AEE 7

Fow B0 2uAel AlE A7 AuARE o2

0,9k 6, ~ 6, ] Z4210] eI Ag3to] 6, ~ 6, 2}
= Ajo] BE el 14 1% WE 4 ek, ol
VAP K A B3l s ARl et

2ol w2 ghe 13 20] UER Qltk, A4S 29 5
eld|e. 29)AE ol g3t 3 A1e] Aol w, HA
o AE £3AZ T A A0)AZ o] 83
A1e] Aold

237 A2F] BEOA THE S-S s $IRt
g hre]2e S99 BiEkrto] mE Higko|| A 3 72
20 7AE o]gste] So] A= A ol FY
(point—like)of| 7I7k8- A4 7F £2 jd A5 H9l
Ao N 4 ok ST Qe AuA R
B W WS 8-S 1 2900 2490 A B

=2 &
D)
rr

2|9 (spatial blurring) dAto] Z71517] wj&
W &, 9 EarelEe Aol 9% nAA Hd
[13]. 3], ol=iet =49 EV“O] *ﬁﬂi—‘?ﬂﬂ 7€
o wfel Tk S BAHS VBAPS: W] 7o)
2uAR Iy daeEE Oﬂ/ﬂ *%ﬁﬁi Uehh=
Ao}, dlg 5ol, 19 10014 0, C2HE 0,714] &
Aol 2510] A A5 2)71o] tht VBAP g e
2 A= A oYU 29 2uA B2 Al A9

FolAE BlaA] 4] Wy @ito] A2 vk, &
TARE B0, 0,26, ~ 6,%] F4 W Hol

L oxto] Wo] Z713 7o olgd AL 2eZxoj=
=] [e) O“l‘ R Ree Rl w

Q.

~, -
B \ o ™, / ra
0.9 & >4 b ¢
AY
\‘ ll \\ 1’
0.8 A / b 7

.
‘\
0.7 A i
Y Y
Y f N
0.6 Frsiid .
0.5

A Y
1 ,’
5 /
H k [
/\ l\
0.4 K Y /
/ \ /
] \ {
) 1 F
0.3 2 A

)
A
i
1
v
A\
1
1
A\
/)
0.2 y \ . v
s 3 ; \
7 hY i £y
! Y ’ 1
04tk kY £ £y

4 6,

O3 2. 71y S2ie et 20| e VBAP 1LHL'I AQlzt: O

1°I EH"'°I 2AulA 24 (o, — —0,1)0fl chet =}
5 g An|AHol i Hchl 71I°| (*'M)E} (]
Aulﬂoﬂ oish o A9l (RM)

Fig. 2. Panning gains calculated by VBAP : in the multichannel
format as Fig. 1, (solid line) two—-channel panning
gains and (dashed line) three-channel panning
gains.
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Fig. 4. Angle-dependent gain control function for nonnegative
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(16, =6, =16, —6,1) and (dashed line) asymmetric
case (16, =0,/ =10,—6,)).
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