}loday|edluyoe | JNg4

DIHES0IOHEEEE Jls20A
FBMF-TR-008 MEL: 20214 118 29¢

A Trend of 6 DoF Audio Standardization and
technology

FBMF

OFY&0IHolEE= S

Future Broadcast and Media Standards Forum




OIH0ICI0 2t 3

JlsEAe Ao 233 2923l

dE A% N3 HHE U HY  ISEDINHS
JE2DA@H) Me  23x eTr my DHZERER reyE-TR-008
asm STHE L XRHURUR WG puc 1r_008
oigx  etal mgy MAHEEEWE eayr-TR-008
w5z zegsn n4 NHEOT YO reuF-TR-008
JNaw DM R0t may EHEE GO HAEES™ e FeMF-TR-008
NEERE AMS  KETI  HEE 299 UM FBMF-TR-008

= MU O MAAEZ2 DIHLSO0COHEEZZH0N UL, DIHLSOICIHEEZHL ME &2 .10l 0of M2 &Hl
C =

= EFE 22 0IM0 FAE NATARY SN H2s 2 BEY 2S(RANMH o H2) 0l ZAIGD A0, 018
A8 KATHAH HOAS DIHYS0ICIOEZLE HA0ISNA Holg = ASLICH
= EED RGN F4E oA 9o NAWAR0 EME = USUT
SOl DIHES0ICIHEEEE 9F
2 : DIHYSO0ICHEEZEE
06130, ASSEA 27 HEll22 72 22 A2 11085

Tel : 02-568-3556, Fax : 02-568-3557
grael 1 2021.11



Jls2aA

O._m_x
. ool +
s A o B &
m I o
S oA — )
.__._I_leo_._m oK 7 w U |_I|D| @w
= — Rl = . Ok X = >
o3 ™M oJ it el K 2 o= = i0J o RU
Aoz 0o il © DK s o N
B 0 X 3 ok ~ = 0l © pall ol <
ma&m_m ol,ﬂxwo = o Hg
SR UL T ay Uk kO
i_#mmwzﬁ L = il <o
—_ ro_ I D s Kl o= . {
Fiiat BT cq cmos
<0 @p_e 30 = 0 N TS M 00 ) MJ
Al __%F_J._ﬁ a_on_w__ oL = y T
M KH < ioJ ) ST S 5 10 2 ok ~ © =
a5 _2 25 = Xw = W Bs o
= %S = 5 _ = o 52 K
= d >3 Ty S S 100 _ R
X MWAMJ_@ o % gmm o s 35 <
Kl oy H.AI__FAW On_ M _l_l_ L.o = o __ o x_-._ 00 D,M <
K Kio = oF > 2= W Mo W )
M B L or XU oT D ° Hoo A4 IS) ok
A = © o o IS me W
,_Jl_N_.._oMaoJ = — U UE_E o._u ~ o N
o) 20 = K ugmo Qou@ o ° o <
RS & N o) < e = ar
N g u y Of O F Fusq
m_mt__o:ﬁ F S OF 14 o W < M__ra_;._
= = = B < oF K ok _n_._mnnu._ =t
'l 5+§§+ S 30 I 6wxﬁ Ok _ S Xy
O ﬂﬁog__a 5 o S CEOE orﬁm:ﬁh___ E
_ o _ — - - = -
% OI.MMATM. o__m_az, = au W& ;___E_ur,m_s 5 of
E z W= o o s o oot = K Mg_l___ R z
y " sy ™ 0% TR s © s _ zhsz 2 3 5
ph o o 5 I 4 R =~ 2=
Nonmw AR, s4m Pot ek = 5= & T i
= AIE.%M_H,E mpﬁﬂ_ 00 um_._._%_ olme 7|Maxo & ol !
~ = J X = or U0 I _© © - X =
I = o s @ Tmo 3 oo 5 0
— IIEE_I__o T u_.A__g___ N ..uA_.CE E o
o U L|_L1 uo_axa o H ~ < c H
_;._%o._lo 1% w X T o _J._|aum H -
= 00 ol KF ALl < H o I m < ™ <Al < E]
WOH Ko ~ T oo M K Aa@wz L o K
~ 524 LV & 0w W
o R _ = TR 3 ol 100 oo
© 3 X o < ol 00
™ N 00 W.
S w/_u 00
1o

FBMF-TR-008



JsB10A

Preface

1 Purpose

The main purpose of this technical report (TR) is to summarize the base
technologies and related requirements regarding immersive media like 360 video
and audio, and to provide related issue and considerations for immersive media
industry.

An additional purpose of this TR is to provide a base material for analyzing the
technical availability for a domestic 360VR service standard.

2 Summary

Chapter 5 covers the 360VR file format (OMAF); section 5.1 and 5.2 analyzes
OMAF requirements and standardization status. Chapter 6 and 7 analyze core
technologies of system, audio and video components for a 360VR service. Chapter
8 covers various 360VR services and issues based on the IP and 5G network.
Chapter 9 summarizes main requirements for a domestic 360VR service.

3 Relationship to Reference Standards
N/A
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= ZHE QUL ME SHHUA 2 HWE2R WD =E CHE UL AISIH =0 24/
Il 2O2e =&t FEo2= QUL ME 20 SFHo=2 HEE £ U220, MM
& Allle FOHA U2 NS 220 =0l QULE i & £+ Alese 248 E =
UL E8F, UM A RAXE HHBSHILE, A2l9 IINE BASe Sl 22 A
Mol et Moot Jtsdtthe 8% 2H D18t QO ER& & = ottty &
UCH BHXIBH Y Jl8t Q02 S0l S MY HEL ot Hast &gsS 8ol
2100 BloH, SH20A M QCIQ dso AHE HL20 el @C< S 8ol ot
ot2 g, oo Aty QIOtXl=dl, Ol= AUiECl &0l & 4 UL

L MEY MEEQXNTE)

FCf )
C T

Srh=
9[12 ‘J‘_Ii Bame e am e es e
s crak . ?; —
R EEEN e —
A I —

or)e T
=3 3=

(O8 5-7) AH 2Bt QO AS9 WS

9 FBMF-TR-008



M HEHEJUS AW Z0l, HH I UL B2, QUL HH /AX= ME S
HA Olel &350 A2, SHUA HE JtsotiH, ME SHM AMASXY |IXls 3
ol UK @E2U, HEUAN 28 & B JtsotlH, AZXe AX/ZE0l Tet 2ol
AN HEoHH QUL dtd Jtsotlt. MetAd, AFSAS 2IXI0F JHE A0, U2 24X
o X HEE = Us 6A47rE QUM 2 2501 2 &= UCH T, ALZXIE X
E=HMOZ FHY = U= 6A7rE U= S4HS 2RSS O, QUL dHEs &
N2 2 ==diot)| ?off &2 =2 A& 4501 72 =k AT

5.2.3 Y D8t 2O

g8 olgt e 8 NES JIE2zZ e 8N 2 QUL dSE MEE 2
Cle 2oz, ¥E J|gt U9 X0 UtM Zgotes L2 It A &8
EICH Oftehel O 5-82 &W J|Et QUL WEXAQ ool DXl HylAYol X0
e & P8 DXZOMO WE UEH 22z, ¥ I8t QO 2 ME0l IHll=e &
std=S LHEFHCE

0 J|gt QU0 et OloHE <o, H#E Jigt LLULE ddot=s HEOl ot 2t
SOl O822 LEtY 2101 18 5-90ICH &8 DIt LURLNAME LEHESZ 2 2
S80l 82 EIot= 20l OfLict, SAI0 Creet e 2 QUL ASE =35
g = s OME olaz2Es 8ot UxE ULE =3ot= A0l LEHEOICH

0l0
m
=
>

=0 282 + A=, 02 Sotd N Mg QUL st =3&Et. =
= HOA(£= FOA) 212HE Sotd H&3E =0l %= 21 F8H O=X
&l & E

ot dls2 a0l &I, HateE HOA

o
N
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HLIEQ"QJ&
HO B @ o

= s 6A=E QUL SZUAE 202 Hetie HSEY = UL z20l=
gt HHE S 230l fIot 228 Lol el tHel HOA D022 ZS AtEotH =3
, HOA OIOIZ2Z2Z W HOA OI0I3ZE AL0ISl 229 RAXINAML QL ds= It
FAX0A &M OHOIAZEE AIE0I0 =38 & MS=SS 80t Eltote HE2
HHG6t0, 6AHRE QURE Kot 2l et A1 OIFH AL AUCH
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6 6ARE QUL H=3 &

6A=rT QU H=3te 236t0 MPEG, DVB, 3GPP S2| Chaket H&E3E J12t0l A
eSS I Z=3H0 et ZALE "ot =0, =3 226t 0IF0HALD Us
JlZ2 MPEGOI HEZXOICH = H0AME MPEGOA OIF0HALD As 6k=rE QU2
HEs 20 ot amE=n

6.1 6AX=% OICIH &8 MPEG Z=3 S&

MPEGUHI M= MPEG-I(ISO/IEC 23090 Coded Representation of Immersive Media)
Z=oIE XEstn UCH MPEG-l= =2E OICIHO st MPEG XHAIOE ZE2dEZSE &
b HICI2, QCI20M AIAE QA0 OIZ2JINHA &M 2E= HZAIAES HACZ
ot H&E Jlzz ?4E Z2MEQ|IMH, 360 VR(Virtual Reality) HICI22F MR(Mixture
Reality) & 6AtS = (six degree of freedom, 6 DoF) && 2HXE ZLEs =& 0/C
o MME 1 a2z ST,

MPEG-I= & 2EtH 2l Phase2t 8IH2 Part2 HZIH UL, 2 Part OHCH M2
=02 FAHEN UL Phase 10lA= 3605 VR Z& AE AlLIZIRE =HZ &
Ot Phase 2= 65 NREE HE &= U= 6ARE VR & HZaeHC.

Frl

i

ISO/IEC 23090 Coded Representation of Immersive Media

Phase 1 Part 1 : Immersive media Architectures

SH:360VR 3¢ M/HS - Technical report containing architectures and nomenclature for immersive media
2H: Phase la (172h . . .

= Phase 1b (195 Z) Part 2 : Omnidirectional MediA Format (OMAF)

- Media file format for omnidirectional medi immersive medi
Phase Lbis 300F+ X8 edia file format for omnidirectional media & ersive media

Part 3 : Immersive Video

Phase 2 - Coded representation of immersive video
=5: 6DoF 360VR
LE/MY/HS

Part 4 : Immersive Audio
QH: Phase 2 (202112 - Coded representation of immersive audio

Phase 2 Part 5 : Point Cloud Compression

In parallel - Coded representation of Point Clouds (including Graphic contents)
with Phase 1.b

| Part 6 : Immersive Media Metrics |

| Part 7: Immersive Media Metadata |

| Part 8: Interfaces for Network Media Processing |

(0% 6-1) MPEG-| &H Y Part 24

QUL B Part 401 diYotH, 65 NREE JHE = JY=s SF0A 282 = U=
QLU 2= H& 2 M Ji=0l et E&stE FAEHH 2021892 HEs 28 E
SHZ ot eU, oef JHX &&3A 2HZ ol 202290 E=3t0t 258 A2 g

=
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o

MPEG2l 2Cl2 WG(Working Group)lldE= Y 2CI2% &M &M I8t 202
A JIgt QURE NE, &=, &85, MEot= HE=2 MPEG-H 3D Audio HZ=E3t
2016 =Kl XSHGHAUCH. MPEG-H 3D Audioll &< &M J|gt 2022 A J|
QULE X&) =0, 3kHss 2F30Ae LU &Ise HE X HES

Nt = + ULH

J

(1 A TR

o
I

Oledgt 0IRZ, MPEG-I Immersive AudiollA= 6XtRE RLIRE MIoct= Jl=0l
st HESIE =82z M0 12 UL MPEG-I Immersive Audio EFE0NA=E HE
23 2l HHIAYA(Ambisonics) A18E 2% #26t10 sl 0l 59 o=
2 =222 o= JIE Jl=2 MPEG-H 3D Audio Jl&2 AIEolJIZ GICH et
M, MPEG-I Audio EZ3l0iAE UL M52 ¢F/2J 2= 222 Mstl, 6
ARE QL2 AMHIAE <8t HEHHOIE (metadata) & &l & (rendering) J1=0l CHst
HZESIE XEot)|2 ot L OtelolAd MPEG-I Audio &3 LHE & S0 CHoll ArAl

6.2 MPEG-I Audio AHIA AlLIZI2 & DHAE

MPEG 118Xt 2l2/0lA= VR 3D audiol MHIA AlLi2I22 2O 22 dHE SHOA
F iI

NHADIHOE XA AlIZE SOl U =210t OI2FHJ =0, Oreiet 22 WE0l Z&& o
ULE.
o AlLi2I2

v' 360 Movie — 3 DoF

v' 360 Movie with head movement — 3 DoF+

v' Virtual Reality — 3 DoF(0l: 2NKNE E0A X H&)

v" Windowed 6 DoF

v' Virtual Reality — 6 DoF(0il: HE)

v' Augmented Reality

diig X Al

v SRS A7 Ztet Head tracking2 ®Ist Al2t2 5msz JHEE Z<,
v AR Application : 30 ~ 35ms O|LH

v" VR Application : 50 ~ 55ms Ol LK

v FEZ2 RS (RS2 Lo, 2123 NHe o Zotor &

6.3 MPEG-I Audio Architecture
MPEG Audio WGUH A=, 68T QUL AHIAE st AlAHEIS] RXEXZ MPEG-I

Audio HZX OFIIEME J2lot) JA=0l, Otefl 18 6-29t OIS LIEHHCY.
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‘ Low Delay 2.
Social VR Low-Dela) Audio :
P B o ode’Y | MPEG-| 6DoF Audio Renderer
Cheanels Auralization Processor ————>
MPEG-I Audio MPEG-H 3DA 03]8}0\15 A Audio Output
s | Tl > : sy
! ( ) Audio Metadata 1
Social VR and Control Data !
Metadata A 4 Stored " Auralization Controller
= Local Audio Audio :
Common 6DoF ‘_ Buffers
Metadata | T
3 User Personalization Consumption 5
HRTFs, HCFs, Envi t |
Conirol Functions E_angu:ga‘ ets) i:l:::;lr{::r:
User
i | Position, Orientation
other Interaction
E’”srgzgn’z’lzsg'” MPEG-I Technology Social VR ‘ Extornal Tochmology | ——3  Auto Daa
3 Bitstream
(0% 6-2) MPEG-I Audio architecture
MPEG-I Audio architectureOH/\—IE JIE2 MPEG Jl=1t MPEG-I Audio H=E3E Sot
0 JHeotsE JlE2 P20t LIt JA2 M, social VRS <&t I & EZF 20 &
gtl= sg80 Jl=2 #=ot¢ HJlotd AUCH A 6-20M 2 = UAX0l, MPEG-H
3DA DecoderE ]EHE g Zsolz ot = = MPEG-| Audio E&2 g0l 2C

, 0l=
Q@ NSO AF/2R0 WSt s ZLEOHX Zelle S 20lsttt. MPEG-I Audiod
HES gfl= {9 Zl%'OH/H =Mooz HIIot] J=sdl, MPEG-I 6 DoF Audio
Renderer, MPEG-| Audio Bitstream, Common 6 DoF Metadata)t Z& & Ch.

MPEG-I audio Bitstreamdt Common 6 DoF Metadatalll= 6 DoF 2L ©IC -I%'% <l
st OlEl TIOIEDF E&0| =Ch 2Ll Az tist 38, %é*i”ﬁ SXHA B2H0ll CHEt
A8, interactive 82 S0| Z&0| 2 A0, o@st 2t GIE HIOIHE ZolE
HEAESW Z&E 00 ot=Xld e =201 EESH2 | 10l Z&0l =Ct.

MPEG-I 6 DoF Audio Renderer= =s2tE QU2 452 2C/2 GE OOIH ¥ MO
HdEE 8oz BOtN 6ARE UL dHd=2 s8cts 222d, Hold s
S Q8 IR M4, TEH s S 22 Ugs 202 dUd Jls0l Zgd Aoz
Ol &= Ct. MPEG-I Audio architecturefiiAd= HZ=2 AWM= EZEDH UK L2LE
MPEG-I Audio2 EIHEE <ol &&= Jls=sS Aot J=d, HeldY &=t T
HEOI oo 2 = ULH HeldE g+== MPEG-I Audioll HE& 0z Z&50 U
Al 22U, MPEG-I 6 DoF Audio Renderer0il A &0t ULH, s HIE fIotH
otLtel B8E HeldE &+E MEot=E ot ULt
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6.4 MPEG-I Audio Requirements

MPEG Audio WGUHI A= MPEG-I Audio Architecture?t &M LFAIEES HAlIGHI =4I,
6IHS JtEIDCION CHet 27002l RFPAIEtS MIAIGHRICH MAIE 69H2 JtHI el &==2
General, Rendering, Interface and Extensibility, Presentation mode, Social VR,
Interoperability between 3 DoF and 6 DoF platforms 2&d QAL Z 2F =2 0t
cHet 2Lt

e General : 2022 S& L A2 2HAE RPALE

o au QA
METI S8 B3 U ASXC SHAD XSS ZES oAl
| |4+ 5= 6USSE X0 B
(Of: 3 QIXIE £ gl= DM to ASE X AIZH
Qi > | 0ICIOl 2 BIEIGIOIES BEX0 HE 2 4=2 XL0F B0
St
(%;2;) , |52 22 % 8% 23] 2Nse 2w Fu AHE NS
Of HOIT AXIGIE ARX ZES HMZs|0F BUCH
SXol 909 QA NAMOE B0
4 | AR 9, 2E, OlE gE Y 25 = JE QU9 =
W2 RS JED).

e Rendering : dHHC Jls L S&EU 2HAE QLA

2z el ST
5 | 202 oS 4H5ts HEIGIOIHS XIRGH0F S,
6 |20 XPIZ RIS MEtel)l 918t HEGIOIES XIRGHOF ST
|22 HHY M0 Lu B2, 200l IS S)9 Ko
(O: BIEFHIOIE! £ OIEHOIAS SaH)S NaH0F B
g | AZ(OI: 0.5EDIH) 2 BA(H: 9l FE! LM E= M2 ot
Zo1CZ HI)0AM Lo UNAS XIHHOF BT
9@5% Q02 FEUAM F el NE THE /AR ALOIOIA AFSXIDF B =5t
Fordering) | O | £ S 209 MO0l M SHE FUSSO| 78 HEHHOIE
S XH0F SO (0 HOIS OF2, HOIS 91)
o |HEH HOIEE 2012 58 B885ts IS8 A0 S0
(O: SEE £, Hat &4, DA A4S 53 ASY0IA S).
11| HE HIOIES QOIS WML RIS JHXE A4S XIAHOF SHCh,
o |HIEHCIOIEE QU@ 23 o Mol UA IE ACS Nt
BHCH.
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Jl=s210A
13 OIE} TI0OIEH= 202 R4° HME X =aoi0oF etCt.
" QUL HHUHAN 22 HHE 2O2(0: AIZX Ao SH, £3)
£ X &alot stCt.
5 QUL MNHM(SK)o Hatst 30 22F AXl s XKook sttt <A
X2 X0l 2XNE = U= 240 20| UCH.
Interface and Extensibility @ 842l & OIHHIOIA Y SHEHN 2SEE QFALE
2= e QIPAE
16 | 2L Heig HAG| A U2l IHHOIAS XSO0 B
e Jlso &&0| JisoliloF Stit.
17 (oll: 28 dlda T30 et CIEHOolA, && HOIZE, olefs dl
OIE{HIOl A E Tt 5)
RTAIE
(Interface) I8 gdidei= JHelatEl HRTFE XI&0HOF ofH, 0lefist 2B E HMZ0tD]
st OIEHHOIAE IZEGHOF SHCH.
19 diidd= dEE O0l22H0lE filterE XI6HOF ot0H, 0lS ZHE
H33dl0| {18t Qe HO0IAE ZEGH0F SHCY.
e Presentation mode : MPEG-I| audioll M& 2 2H=E @FAE
7 2 QTALE
20 IEE MM2 s 6A"E dE Edid biold s K&
oHOF &HCH
ALlHE 26 6ARE ol EcHY dHES XIKoHOF SHLF.
SIXREA 21 . o =
=33 (Ol: 7.1 + 4HQ 22 S8 7 4)
STFAE
(Extensibility) 59 AERS fX= LT Jta /AXle HEE=E AFE Atdio O
ol ALHE &28 6ARE a2 XI&aoF StCt.
o3 BARE SIS EdZ BIOIL-E GIESE M ALlH MM =&
oz died = XI2oHO0F St
* Social VR : Social VR MHBIA H=S1F 2HE QFALE
A 2 QAL
| o4 |18 BBOIM OE NS S8 U 202 AHYE NV
< St =S M7 = Zolaol A O
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* Interoperability between 3 DoF and 6 DoF platform @ 3XS =

o 2EE QFALE

22 =t QI
05 MPEG-H 3D Low complexity profile 2CI22 CIZY % MHES
XI26H0F &Lt
Social VR
A MPEG-H 3D Audio Low Complexity Profile Decoder0lA
(Interoperability | 56 | \peG-1 Audio ZEIXO| CIRYS XIREHOF BHCL.
SbSQV;eggd (2D: MHAS SAIS AIRSID 0] @7 AIBIS 228 2 U0}
6 DoF
platform) MPEG-I Audio ZZ2 3 DoF+, 3 DoF, 0 DoF% 20| XIR&
27 b ZAE SF0A MPEG-I Audio 2=E AHlIdl= 20| Jis
ol OF StCh.

Her Jlso Bl 2HoZ 0l

et OiIEtHIOl
M, MPEG-I
StCh. OIH,

BHZ A, MPEG-I Audio 212042 &=
Audio ©IZC= 012 YHE0H, ZEotW otLtel HIEAEEHSZ M
=

MPEG-I| Audio 212 HE EIFEEH dHES Qs BEE ==6t=
EIFOIAl= source, geometry, acoustics(geometry2l S&isHA o JHE), resource,

conditions, updates EE2E 120l Jl=ot] U=dl, O *X= Otele 128 6-31t
2 CH.
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i

ObjectSource

HOASource

i

i

HOAGroup

—>( Loudspeaker

'!

Box

i

Sphere

Cylinder

0% !—l 0."
| Transform | » ObjectSource
i
HOASource
(252 T
ChannelSource Loudspeaker

0.
Box

Sphere

—>{ Cylinder
0., o
> Mesh >( Vertex )
0%
0.*
ObjectSource

—> HOASource
0.* i
ChannelSource Loudspeaker

o.!
Box

= » Mesh = { Vertex )

0.2 2
—>{ AcousticMaterial l—)(Frequency)
0." ) g da
—P; AcousticEnvironment I—(AcouslicF'aramelers)—)(Frequency)

i

].

[

i

e
AudioStream
0.7
SourceDirectivity

0.0
—)‘I ListenerProximityCondition |

(18 6-3) EIFY #x

19 FBMF-TR-008



pIES=np|
Source B 0l= QUL NS EM4 2d HB0 st A0 Z& =0, =28 WE
2 Ot 2Ct.
* Properties of audio signals — QLI Als2 EH0 Uoll D=
v object — ZiHl QL2 &S
v channels — Mg L2 AS
v HOA - dH|lAY 202 AlS
* Metadata for signals — QU2 ASQ 2&H= B0 CHoll D=
v QU2 ASe 2EE =2 38
2y Ete &9
id D orolcl 8=
position Position XY 22t A9 AX HE (x, v, 2)
entati Rotati X Z2HoMe 3 A
orientation otation
(Pitch, Yaw, roll)
active Boolean 2483 {8 2
gainDb Gain 2219 37 AL (dB)
refDistance Float > 0 JlE AHel
signal AudioStream ID |¢& 202 Al=2 0t0|C]
extent Geometry 1D 02 A AJ| 38 54
directivity Directivity 1D QU AMSO BAF THE
mode Playback mode |Xd 2=
play Boolean MM=s 28 Sl
Geometry EB0l= Jrat Z2t9 24N et E2JF ZECH Jtah 32t2 4ot
U= ¢, &, dte, 2 SOl st Dot 2 JIs5 =0, ot 22 AS2
HA =IO

e Geometry information — Jt& 22t 24 HB0 CHol D=

v Box

v' sphere

v' cylinder

v Mesh (Vertex, face)

v 29 74 2N S E4 FEA9 Had EE
AcousticsiM= 2Z2 Ssd S ABe 32t SEstd E& HEE J|=ot1
UA=dl, 01212 A Jloh 222 24 SHIe HZ0| =0 =29 S&std S8 3
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JIsE21DA
= 40K RA=SE HE 2 old U, 8249 SssAE E4 dE= 2JHK 242 H
S =0
Transmitted
/ energy (t)
Coupled Dissipated energy
energy (c) (1-r-s-c-t)
scattered energy (s)
Specular reflected
energy (r)
(08 6-4) 229 s&&sN 4 L9 4
e Acoustic materials - 222 Sgsd E4 HBE D=
v 1 — specular reflection
v s — diffuse scattering
vt — transmission
v' ¢ — coupling
v r+s+t+c =<1
* Acoustic Environments - S32t2| SEsStN EH4 HEZE J|l=
v rt60 — reverberation time
v' ddr - diffuse to reverberant ratio
Resource AE0= BHE U AI2Z= resourcelt 2gE WHE2 Jl=dl=d, &AM @
2 eEts QU2 AEN e A2 dHES ol 228 directivity sofa &
SoF HEEC I 2 %= UCLH Conditions 820= Jta S2HHAH2 &2 Halp &
ME 4 Q= XM HEOH ol ISt WE S0 ‘HFXOF S8 UsAA2 Heldt
1.0mELC 22 M’ S0l 0lefg =H HEIF & %= QUCh Updates 2N = Jtal 324
NS sl &~ Q= &0 BHGIN ol JI=8t0h. &% Hels s Sl gMs
= U=sdl, H B 2ol BRE UotH O et 2 Ct.
e update type — &0 HGJI LMol SF
v S3 A& SOH0lE &M
v E8 X0 ZHolE &M
v AE2X9l interaction0l 28t O|HIEA AUHIOIE M
> eg) TV 8 on/off
v AE X9 interaction0fl 218 HEEQI SHO0IE &M
> eg) 820l &2
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6.6 MPEG-| Audio Evaluation Platform

MPEG Audio WGUH A= MPEG-I Audiol HAs HIOIE s "Il AIAE(MPEG-I AEP,
MPEG-I Audio Evaluation platform)S HMZ8tCt. X = M2E Tt A|lAEHS J|Bte=2
OFAXNO| D MEst HIIE st NEHo =3 L S20] NSHJUCH Otehel 08 6-5
= MPEGOIA MQtet WOF A|AES 2t2k5t6+0 LIEFH 210(C.

MaxMSP

Original I | :
Audio signal Test control data | i
l Bi-directional

O5C data

e |_Renderera |

I s

Bitstream for HMD, Centroller, Tracking
Renderar © |~ freeeeeeems

Bitstreamn for |
Renderer p | - Renderer D

| oupuswicher | (]

’

(08 6-5) MPEG-I Audio It AlAEIQl RE

MPEG-I Audio &5 &It AIAE
2

o
o O —
o X BEY &2 dsHE HE

ZHIel HTC Vive &HI, BICIL ddg ¥

AOIH S& H2E H3otes JtasEs ME

HIF HOE <8 |KLUE(Unity) Zdle f3, 02l UL s {8 MaxMSPZ2
& ECH

SLE Zd 3= 6MRE 2E =2 M0 2D =0, BItkt=s HMDE Soll F4f
S B0HAM ZE= W B2t RS 0lse = JA2H, 2LESHE EE0IH BEH=
o ASEZEZ St EcdizZ MHIE SOt STE AIEXS /X 2 ¥ BEEHE
Ect A2 BHI=XO| Al &2 HMEE= OSC(Open Sound Control) S48 &&256H0
SUEHE ZHIAANA MaxMSP S& Zz)goz MYEC.

MaxMSP 88 Tz )82 MPEG-I Audio RendererJl s&ot= S&ES HS3otH, AIE
e 2 2 RLUE ZHE fR3A=z2RH 20, MPEG-I
S&SHCH, £ O JI20lA P28 8t MPEG-I Audio Renderer =0

>
1o
40
>
()
HT
H £
o
m

HE5IH EHEY = UALSE ot JIssS M3
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A 6ARE QUL M8 210eS0 S&6le 22 MaxMSP SEZ2 )M S&
ot= MAX Externalz2 280l Z=0, 108 6-50lM =422 HI|E Rendererdt OO
OHEStCt. MAX Externaldt MAXMSP S& ZZ )& 2to] OIHHIOIAE 0l2] 25t
Jl2&ol M33t0, 222l J|20] seH2

| QI HOIAE XI&6t= ‘skeleton’ &
MPEG-| Audio RendererE Mg £ A= &H
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&AM 2z AU
et QO X
GAH &gE= A
T ZEH=EUA 2
Tole HYELZ,

A2t Blle S48 202 dHE =&

S0 JAYUSH, HYO0ILE Jtat S84 St &
UALT

Of B Xl= 2ot

= 20N =&8t
Ol ek BIaAlZE
= OHEO0l &0 ULCH

oz sfote UL g 2=
o

o o x|

(b) BlenderOlAl AlSHE|= Everims &t
(O 7-1) 69T QLI dHE SWe o
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zZ20= O0IAZ2AEE, =2 St 22 SJAHA 6AREE JiHXl= AHZ D 2E=
W0 AtZ2E = UAe UL M 20 ol JHES ot, 2& AZERNE S22
Stz Mot RUCH

CATT Acoustic, RAVEN, EVERTIMS, ODEON room acoustic SW S2 &2, Q& 2H
N0l & UesE AS2M, T2 24 SHAM 20l AU 20, 2 BEDAMME
AUECZ X220 O0IZ=2AZERF 220 2di 2AJHE 6ARE 2L J|i=0l
Project Acoustics2t Resonance AudioOl CHGt0d AJHSHCEH.

7.1 Project Triton and Acoustics
7.1.1 Introduction of Project Triton and Acoustics

OIOIAZ2AZENAME &2 6ARE UL Jls2 HEg=2 st Z2MEQl Project
Tritont Project AcousticsOll CHol 2&JHE SFRALCE. Project Triton2l &

=2t 88 dHHYS2 /s Lnelso st HRE et EEEEE
Project Acoustics? &2, HEE LNeEc2 88 T2 1HUHA &2
Jl=0ll Ciet H41E st I2HE} = %= UL

g d2et 2eE =222 20le ‘Precomputed Wave Simulation for Real-Time
Sound Propagation of Dynamic Sources in Complex Scenes’ =&0 20108 &0 Al
ME Hoez Bot 2 H72= 1 0|18RH 8 & Hez BHACH
OLOIA=2AZENME Project Triton2 ‘Project Triton is a physics—based audio
design system that creates an acoustic rendering that sounds natural, while
keeping CPU usage modest and providing designer control’'etx J|=5t0 U=, Ol=
CPU AtEEES HE =22 FAotHAM, Scls JIBILZE A2 S8 dHES

MG QU AAHZ SR SILHs 202 &g £ US 2W0ICH

7.1.2 Sound Propagation Effects

002 Z2ATENA= 228 JIetez JHAZHE S& diH™=2 MAeH)| fot:
obstruction, portaling, occlusion, reverberance, decay time S 22 S&s& S E

dedoty UL

e Obstruction — Sound is weakened when it diffracts around obstructions.

(@) @®
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* Portaling (sound redirection) - Sound heard “through the wall” (red) from
source direction is incorrect. Doors redirect sounds, which is more believable.

¢ Qcclusion — Occlusion is total reduction in loudness from geometry, involving
complex propagation and diffraction (diffracted paths in green).

=

[ =S
®

* Reverberance - Left: Close to the source, direct path (green) is loud compared
to reflections (orange), resulting in high clarity and low reverberance. Right:
Behind the partition, direct path is weakened from diffraction, causing low clarity
and high reverberance, conveying that the source is in a different room.

e Decay Time — Larger room reverberate longer.

(@)

(@)
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7.1.3 Work Flow
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Ol

I
[ >
010
aq
m
ﬂll?-
OlI

o

SEUA &Zot= ZHOICH ItctOlEst &
IM 2EDZ0 &85 =0, i
|H, MIE3st=l MO Jt=6tCh.

OI.\TL-IA OCI—E
=

Runtime: Ot2t0IE st =
QA SEH2 Project AcousticHl A JiH &Sl

— o g

=02 Unity?t 22 VR 28I= g SWHIM &8

Interpret/
design

OIOIA2AZENAME of
UL

Runtime Platform — Project Acoustics runtime pluginOl

V' windows
v' Xbox

v" Android
v" MacOS
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2H ==
A O

s

e Editor platforms — Project Acoustics editor plugin0l &8 & =
v Windows
v" MacOS (Unity only)

st Oteliet &2 SWE M=okl UL
¢ Project Acoustics Unity plugin and samples
¢ Project Acoustics Unreal & Wwise plugins and samples — Windows

7.2 Resonance Audio

7.2.1 Introduction of Resonance audio

20 M= 20173 Z0 ‘Resonance Audio’et= 0182 6A4RE UL S {8t Il
== AJHGIRILCH F1=& Resonance AudioE &&0t0H VR, AR, HE S30A CtOILE
gt B2t St MEg = AU 2A0HctD U=l OteHOlA Resonance Audio2 S
=3 g s& ZE SO0l CHoll AJHSHCH.

7.2.2 Fundamental Concepts

220MH= S ASIE AFES A2 =2 SF ) MASHZ0= HE AMSH0lE o=
BHEH O 2 Resonance Audioll SZHstCtD AJiotD UM, &S ==0f CHolf OreHet 20|
205t AULCEH.
e SE NS AIE HAL ASHE

v Interaural time difference(ITD) — The time difference between sound wave

arrival at our left and right ears helps us determine the horizontal location
of low—frequency sounds

v Interaural level difference(ILD) - These are differences in loudness and
frequency distribution between our right and left ears, caused by the
human head’s acoustic shadow.
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v' Spectral effects — Sounds coming from different directions bounce off of
the inside of our outer ears in different ways

(.
—F

v using HRTF - To simulate real sound wave interactions with our ears,
Resonance Audio uses head-related transfer functions (HRTFs).

Al

—

0l

< 0

QF A9 A=
Head movements and sound position — Moving our heads helps us to
perceive relative changes in audio location.

fol

A o

v' Early reflections and reverberations — Resonance Audio separates this mix
of sound waves into the following three components (Direct sound, Early
reflection, late reverberation)
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v Occlusion — To add further realism, Resonance Audio can also simulate
how real sound waves traveling between a source and listener are blocked
by objects between them.

v' directivity — A directivity pattern or shape represents the way in which
sound emanates from a source in different directions

v" Ambisonics — Resonance Audio uses a technology called Ambisonics to
envelop the user in a sphere of sound.

7.2.3 Work Flow

5 MBS MA

o o
ol &=2dt= &
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Resonance AudioE & dict= 88 =SS0l et 012 H=E6t

OteHOl M= UnityOll A Resonance AudioE &&ot= 20l T
UnityOll i = Resonance Audio ComponentE FJtotld, 02 g2 &8ole H2e=2
Resonance AudioE &% = =0, Resonance Audio2 Component 2
2 NS0l UL,

wn

rr
o
&
[x¢)
My

* ResonanceAudioSoundfield

* ResonanceAudioRoom - ResonanceAudiolt M&&l= S2t0l HEot0, E92l I
A BHAlE S Z2 et €&

* ResonanceAudioReverbProbe - &22t2| H OlAIgt SLE W  0IEst 2IHE SHE

et g s8E N3

OteHel O 7-52 7-62 Resonance AudiollAl room component?t reverbProbe
ComponentE Z&dl= &9 OE LIEFHCE

v.d Audio Room (Script) &,
Script ResonanceAud [}
Surface Materials

Left Wall [ Concrete Block Coarse s)

Right wall [ Concrete Block Coarse s)

Floor [ Plaster Smooth s )

Ceiling [ Plaster Rough N

Back Wall [ Concrete Block Coarse D

Front Wall [ Concrete Block Coarse D)
Reflectivity 1]
Reverb Properties

Gain (dB) O o]

Brigh 05
Time

Size

(1% 7-5) Resonance Audio Room Component &€& g™

Unity 2017..0f3 (64bit) - ReverbBakingDemo.unity - RX Release - PC, Mac & Linux Standalone <OpenGL 4.1>

(OQ& 7-6) Resonance Audio ReverbProbe Component &% 3™
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7.2.4 Support Platform

Resonance Audio= OfcHet
ol M= JI0IEE HM&dtd

$0 My
ro
s
U
O
2
Z:
O
A
Qﬂ
2
N
s
U
O
2
Z:
O
Ja
Qﬂ
rr
0L
L3
2

[w]

* Resonance Audio development environment or platform
v" Andorid Studio

FMOD

Resonance Audio SDK for 10S

Unity

Unreal

Audio Monitor VST

Resonance Audio SDK for WeB

Wwise

AN N N N NN
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