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Review on Three-Dimension Audio Technology
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(1. Computer School, Wuhan University, Wuhan, 430072, China;
2. National Engineering Research Center for Multimedia Software, Wuhan, 430072, China)

Abstract: With the increasing requirement for audio-visual experience, three-dimension (3D)
multimedia technology, especially 3D audio technology that is less developed than 3D video,
has received widespread attentions in recent years. Current researches of 3D audio can be divid-
ed into two kinds of technologies based on physical reconstruction of acoustic field and percep-
tual reconstruction of sound scene respectively. The representatives of the former are ambison-
ics, which is a full-sphere surround sound reproduction technique based on spherical harmonic
decomposition, and wave field synthesis (WFS), which is a spatial audio rendering technique
based on wave fronts synthesis. Perceptual reconstruction techniques of sound scene mainly in-
clude the amplitude panning (AP) technique and the binaural sound synthesis technique based
on head related transfer function (HRTF). The above four kinds of 3D audio technologies and
the corresponding typical systems are introduced and compared in this paper. The current hot
researches of 3D audio techniques are also presented mainly from three aspects: spatial hearing
perceptual mechanism, 3D audio coding and multichannel simplification of 3D sound system.

Key words: 3D audio; wave field synthesis (WFS); head related transfer function (HRTF);

amplitude panning; specitial hearing; 3D audio coding
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BT 3D HMiH R &S S 3D AT B AR K& i 0 A Xf
FCFHEM TR RER R RAEREE, E A 3D
AR R GRS K FH 3D M+ 7 AR R /IR L
T, R4E 2012 ¥ B AFE TR BE7E MPEG #5ifE
S B2 R RE L 3D 3 AN 2 ORI FE A A R AR
PO 7K 3 R B 3 3 A4S [ i I AT A B
NSy e R C R O N W N
P BE  JCVk LS 1R B B 4% 75 4% i 76 (9 °F I, 38 oK 3
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R AR SR 22 SRR AR — S AT TR N2
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FEo PR RS IR AR ISR AETE — > B

R 22 v ARG 7 8 ) 20 B — A 55 %8 P s R 22 5
AP A% B 51 35 T LA SR B 3 D A 7 IR Y O 06 45 R
A SIE AR . A8 B0 i Js o, SRR R AE 5 44
I8 THT 40 75 s PO A [ ) g T LA E S D P R Y
RLFIFE B AR 3X 5t 2 75 37 W) P ROR B SR T .
M 20 22 80 AEARAKR I 4y » 22 5 KU 51 R SR HOR 1Y
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R 35 44 W 5 T RO 40 i 10 P R TR R R
i (Wave field synthesis, WFS) W K3 A, Am-
bisonics FAUE 4 F 1973 4E, H A F Bk i# oR 4L
X D P IR AT A3 ik R AR 4 0 R A 7 S5 R B K
T b 1 R IR (B 7 ) 2R R 43 il e 1 A5 5ok
S B BR T A R DX IR P A kS i . 1975
A B AR FER 1) Gerzon ST — By BRI 23
T — B 254 T X 2B A 3 v Jt e CEI e £
W DA {H B 2 BRI 40 1 1 B S(E A K,
HE DX A B 2 AR K B B AR B SRR O R
B Ambisonics ( Higher
HOA™ o P i AR i 22 AR R 4R 28 TR
1) Berkhout F 1988 44 1, 7 T 01 )it f
V87 5 S S B LT« WES FI % 22 A i —
R, 38 1 Kirchhoff-helmholtz 143 7] 3k H &
TR IR IR S E S, ST IEGG R R R g b AT

order ambisonics,
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A AE B T 2 R BRI Tl B )z e, o i
BTz 1 2 iR S #% R (Amplitude pan-
ning, AP) Ml 3 F 3k A 3¢ % i ok 4L (Head related
transfer function, HRTF) fy AW E-FE @3 A, 1961
AR EA: 1Y I B A% S — b R S A R R BOR @ i
H 03 IE 24 75 4% 145 5 R EE T4 T R L 4 ) N R
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N7 AR VA 20 AT WA P T AF S 1Y e EE R R
BT T B DI P Y AL S AR B — s R
P8 R RINBE MR TE JeBe ) . BT HRTE Y
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PIHE — 23 0] PR A5 5 A% 18 B XCH- ok 72 7T LA
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1.1 Ambisonics

1883 4F Kirchhoff ## # Kirchhoff-Helmholtz
Ty 7 3 W B o A B R 1 803 3L A, Kirchhoff-
Helmholtz 43 R . £ — A~ A IR E I X3 V I
A — A A TR AT DUa o X VRS By TR
FIRE A B B AR 30 i 1 FToR . Sk
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WU ] 45 24— 75 U (0 BRE pR BUR T
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1 Kirchhoff-Helmholtz 2 43 & fi#
Fig. 1 Schematic illustration of Kirchhoff-

Helmbholtzintegral
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BUFTEREN Ao bR 22 B EAT 4R A 3 0 4B R
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W36 R 4 BRE PR AT DL M9 21 Huygens J/
. 1678 AFE M fECOEIR ) ((Traité de la Lumi-
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P(X, .0 %G(X | X, .0)]dS (3)
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IRIX IS AR R GO )RR AR R B b R
ARUEEL .S R B X IF A R, n R T8 [ X S
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ANTT P ) TR L, 35 75 g BB O W R A R
25 T SR R A, BT 2 W 4 75 2 1) %) 1 8 b 23/
FIR ARG S IR —2 2006 4EFF
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B AR TR R A 7S A R LS &
=.[23]

FESZ IR N FH 7 18 S % B iR G — M f FH 2k
P 75 2% M 5 R 4% 75 4 BE A L AEJ2 3 35 G i R T

N TSP g E N R, K ES S
arES AR RS 2001 455 [ AR Tl K2 H
THREEN 24 FEEGGRAS . LR G & E
AR 75 4 S (FOSTEX 6302B) # il # 75 #5 2
] P R E) B 12,5 em ™, (] 1T 4% 75 4% [ 81 (1)
R R G Ry 2007 AF-F8 & A1 AR Tl K2 HO104
HYERT RN —Ea S 832 Mk A W&
B8, % F G0 S B 45 7R AR ECH e 2 1 Al
ARG AFSRAT SR N BE T 25 A1 4% 28 i Re SR R E
WA M ARG H 15 G35 & 3 F 56 HiE K
RME HDSP MADI 7 R i) 1 igi 44 i i) S . A
B 42 2 9 Ambisonics AR L /K — AT
Kirchhoff-Helmholtz 143 i ¥ B 75 37 & @t 4% R,
W56 B AR AE B R ) W DX 38 A N B AR
R R 55 T B BRI 3 ORI =
[ SR A B X B i R 20 kHz B (5
FI R B 5 6 B AR F 75 7 ) 4 75 g () ) 1) B AN
RER T 0.85 cm, BIMIRE —AE42 1 m (1 3R AREE 1
KWK N R 3 TR D 735 MR
w0 B G R G0 N 2 b AR = 4
7 b T S R — S R IR BT R SRy T R
R R
1.3 1EEF®

WG 32 V- B 2 — P v 285 1) PR A A T B AR i
3 HE 245 75 4 A 5 10 R B R A IR 3 L 4 i) N HE R
HEN RO E . e R g rh R R R S
O 5 IE R 7 1 9 £ 8 1 9 4 7 2 015 5 B A0 T

1961 4F , B4R LU ) 1 20 B) B2 1 5% 95 )L fR
WSSO AIET T AN ¢ F RS IE
R IAR oCUNE 2 TR s 45 76 A ¥ 75 2% 70 il
E‘Jﬂﬁﬁ%ﬂﬁ 81982 ) g1+ 82 ﬂ@ﬁ?iﬁjﬁﬁ?o
P T 5% 325 T 23R S 35 200 P 4 1 o PR Y Sk R A
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Fig. 2 Configuration based on stereophonic law of sines
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1973 4, B 5 JE W % & A 7 B9 Bernfeld £ H
TIEYIEE M B R T OE 5% 2 ) Sk 5 OR RE B Bl ]
B, Bernfeld #§ i, I de i s 2 2 5 a8 2
FRY LY B4 TR R 5 IE AT T e A EVME 54
s SRR I A EDI R L. A IR

tange :gl — &> (5
tang, g1+ g2

TE 0 ) 25 & T Sk 0 O A 1) 15 L X R RE P RS
FORGE R 7RI W20 . 247 7 A 5 0T 5 A (R
=PI TE R ) TE 2 I B A JE K P 7 [n)
7 S . BT ST AR R G R E 5% i ) Bl O
I W 3530 75 5 5 Wi 8 o7 8 T T ) R L S B
BT 1 BT s R RGeS R GE vk A AT
16 F5 < 3T A 47 7 A A W I S RS X L T H R A
R 7 2 5 07 ] B2 Y4 5 & BT 711 5
FU Sk FANAE [F] — - T8 b B 1E 5% 3% I 5 0 90 3k ) 2y
T

X = 4 25 () rp R R ) A S 28 22 bR R S
BT K% VILLE PULKKI F 1997 4R T
FTF K EMWIEEFR (Vector-based amplitude
panning, VBAP)H R, VBAP F|H 2 188 3 1~
FE i B AL ) B [ A AR R DR YR B LA [
L OABIE A S M HE . R 3 AN
FE AL TR — BRI b 3 A4 R A% Y A )
PR A B ey S, R AP0 U Y 5 1) 1 EATT LR A AR
3 Fr. W3 A d 1AL R 43 R
Lol by HEAD ARG S BN g gon gy
IR R 1 I 1 AT R

L =gl +g.l, + g3, (6)
TR AR 35 1

3 VBAP s # &

Fig. 3 Vector base formulation of triplet-wise panning

o Ly Lo (7
Ly L3 s
Xp:l=[1ly.lp,ls],i=1,2,3,

4 75 AR AE R — BRI b B, VBAP A58 50 i
T B R, X 500~600 Hz DL T 75 3 09 5 T WK &
BONWER . 456 7 & AE B R i A 50 7 3 I ]
FER By AT LK VBAP R 3 — 404 R 3 3k
BRI ATEIE o BR T LT R B IR B RS BR Z 51
2009 4 Lossius 55 41 ) 56 T B 8 09 i@ B2 7 3 £0R
(Distance-based amplitude panning, DBAP) ., 1%
a5 T B A B B RS =2 ) A S AR, R T 4
Ay S0 AR ER SRR SR .
DBAP £AR AL T W7 & 0] LUAL T 45 75 %
G b B AT AT 37

Xof K U0 P 5 Y R o R B AR G A T
P57 AR T B Ry, RS I8 S A R G AT
1f PR P 75 8 R AR T R AR ) A R AL
W5 8 8 U AR A WT 7 s 7 B JE DX 32 3l Y
Wyt R . 2275 1H PR 58 75 2 48 WK 7 4302 3 v
FH B XS4 R 21 (B DX dal . LAY 1) 22 75 T8 P g
G4 Dolby (KL ) G875 248 DTS HEEH R G0
S FCrp AR L ERSE R AR G A H 8 0 R T G AL
RAEZRIBE FKIE B PG T T 2w . Ak
S EIF RN 5.1 ZEE G KRG U NN K E
BBt RS AR L AL L 7. 1 RS8R R 4 (Dolby
Surround 7. 1) 3@ i ¥ N A2 J5 AL RIA 5 SR G4
FEIE A R B A B SR ZN . 7R 2009 4 1Y
I BRI 9% R b A TR OR TR AL L E 1) 32 B
R 30 o 7 7 5N A R 7.1 A E T
G 9.1 FHIE X RGERR SR — A 1Y AR = SR
TR

Z HE G R G 47 e 1R R — S K
ST b T AR A TR AN KT Z A S T
8. R T AT AR X 7 G JER R DA K P T H R B
TE B =4 25 6] 5 IR 5T K e 28 = 4 2
T 38 3k 22 22 47 7 i 1 R T AR AR A = 4
5%, 2005 4F, HAS NHK 285 B 22,2 2
FHE R R G I B AT R — A T
PR =4 F Wb . LR G DR 5 5
SR A LI = HETURBOR A =275 fe 3L I
VERR AT & 35 J8] B el = 4R 755, o e 1 B4 48
FETE W BN T T AN 2 . RGHRAT A&l 4 Fiow
Hrp R EiRE T 10 Mg, LRRE T 91,
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6, FE T D7 1 B XS P S AR A I R O E A
2011 4F NHK #—4% 22. 2 /5 FIR B 10 514
o 8 PHIH L ARAR T LA B U 22, 2 p Y i g
M, ISO/IEC ) MPEG A5 TAE4L L) 22.2 £
PRGNS % E =R SR, IR TR
2011 A T SR B2 58 P A BRI G R B R 4 A A
ZARGMEETRZ —.

EEES
o FE - ’.
[ A .——————————————————4.—'—‘—’
L @ L 1Y
-9 RS [ Y
] o,

K4 22,2 FHiERGAE RS R
Fig. 4 Configuration of 22. 2-channel sound

reproduction system

2012 4R FE L Rl BB AR ) T AL I 2 B
(Dolby atmos) Z /il &4t .l it 64 47 7 4% o
Ficit . i g M Z 2 P fe Y IR M sl A5
R AR R B S )2 OB N B S Lk AR T 4
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1.4 SKHEXEHEE

SkAH AL R A B HRTE #5348 7 B 3% 75 I
NG EE PV N ORI RO Il S S N ST
T AR A R G R LR A B B S5 R HRTE
JE 7 VR R KT £ L B AR RS AR Y T 4 oK R
I H 54 BEE R R RSB DI AR . FE A i
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H, =H,(0s¢:rs ) =p.0spsrs )/ po(rs f) (&)
Hy=H s dors ) =px0sdsrs /o (rs f) (9
e ps pr 4000 R 187 18 AR R AE A2 A B AR
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AR 0° << <360 JE A — 90" <<0<<90 KR A I
()75 1) Hedr 0= 0° 1 90° 43 1l & 7R /K SF- 1 AT IE I
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SETE b IE AT ANE A7 5 1) . HRTE () i ds 3 7w J2 3k
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FIH HRTE £ AR AR il = 2 5 44 5 14 3 7 vl

A A« AR PR U S S it HRTF JE % 4%
Ja AR T AR A R TR R A HE RS S Y.L
A Yr, YL =H.S.Yr=HS, K50 LLRH
HAL B A A B 05 5, B AT 8 A = 4k i L5 1%
2R AT DR I 75 A ok E A = R B SR, T
TS5 N 2GS G B NH, S s
T DR IR A A 1Y BRSO B o R DL ORIE 2] 4
P RIA A IR SR Y A Y P,

HRTF £ AR HRTF 1) & J& foe 38 DL &
SE A TR PR B 42 T 2 e H B A R 3 R T i
B CH e, B HRTF JE 25 (8] K BF &A%
1994 4F, MIT [ William G. Gardner % %} KE-
MAR A T.3k 9 HRTF # 47 & (MIT HRTF
B MR E A 1.4 m 58] T EEEMA 40
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HRTF 4625 . B e ANT3E— 22 7 AR
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Middlebrooks 454 H A I 2= W8 Wr 5 He 58 M 2 &
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O3 ME AR A LA 5 20 L 4 ) B I 1) R Y N A4
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Fig. 6 Coordinates of loudspeakers and listening point
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Fig. 8 Downmixing procedurein 3D sound system
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Table 2 Configuration parameters using automatic downmixing method in 10-channel and 8-channel sound system

HEAi A AT OKSF A D

10-1 (0,00 (30,00 (90,00  (150,0)  (180,0) (270,00  (90,45) (270,45)  (0,90)  (90,—30)
10-2 (0,0) (90,00  (180,0)  (270,0)  (0,45)  (90,45) (180,45) (270.45)  (0,90)  (90,—30)
10-3 (0,00 (30,00 (150,00 (180,00  (270,0)  (45,45)  (90,45) (135,45) (270,45 (90,—30)
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8-2 (0,00 (90,00  (180,0)  (270,0)  (90,45)  (225,45) (315,45) (90,—30) - -
8-3 (0,0) (180.,0) (270,0)  (0,45)  (90.45) (180,45) (270.45) (90,—30) - -
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