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9d 0ICIH D= &L E=3 =&
(A Trend of Immersive Media Technology and
Standardization)

Ol JIsBUAN= S8 00 28 =2 MM & EES J|722 ses S8ot:
of/dcelot) =2 0lF H 1dd AES MAIZ2ZM, 23 MY SAL & HEE3 8E
AoF et ALE S H10 WEN Mg &> AESF &t

Ol JI=20KM2 2 20l Z&= O AFg & 0I5 AME, el 7832 28 & AIALE
2 0IHLS0ITE=2E 0IH0ICIH=20 F0Hotl) = Wl aigd =208 82t 2
ds 1822 JIMel X2=Z2A, DIHLYSOICIHEZZE0ILE OIHOICIOZUe sS4
°|A0l Otg= 8ol EC

1] [HEVC] ISO/IEC 23008-2:2015 High efficiency coding and media delivery in
heterogeneous environments—Part 2 High efficiency video coding, 2015.

[2] [3DAudio] ISO/IEC 23008-3:2015, High efficiency coding and media deliver in
heterogeneous environments), Part 3: 3D Audio, 2015.

[3] [AC4] ETSI TS 103 190 V1.1.1, Digital Audio Compression (AC-4) Standard,
April, 2014.

3 80 39

360VR ZAH360= HA VR360 A4t

OtLtel FHA&H otofl 360& MEEol A 2% HetE LEQl mbector FA0ICH 360
& Jtdlet(omnidirectional camera)E ArEot0d ZASHH, MMAl Rt 92 A2t
oz HEsIHA = 4= UL HMD(Head Mounted Display)E &6t 2AG6HH, &Y
&0 Az e LS =2 = AN SLE IH0etnE RECH 0l2k HI=otA
180& &t & 2ol ot BSFE HEots Uttt S&4= 180VR Sa0Ict) &
AEIE

OtectOr S& £= 360VR &2 e Jtiietg 2de & =2 otle G422 0
o 20A CHE=0, OIEH & el JHe a2 R2EEg) U= HYg2S AEE0etn
StCH Jell, 2 gakol ZAHUHM AEIR0l OIFHE B2 HZES A2 “AEI&2H170]
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3GPP
ACP
AhG
AOP
AR
AVC
CD
CE
CfE
CfP
CM
CMP
CR
DASH
DIS
DoF
DTS
ovB
EAC
EAP
ERP
EST
FDIS
FoV
FPS
HDOR
HEVC
HMD
HOA
IF
IPTV
ISOBMFF
ISP
ITU
JVET
LTE
MBMS
MCTS
MMT
MPD
MPEG

ANEXS Helol &=t CIASd0l EXIE Sofl gaf
NE QJHI Eot0 Bl =8 A2d0l8 S0l =2 Al
al

o
gs et 2= .

3rd Generation Partnership Project
Adjusted Cubemap Projection
Adhoc Group

Acoustic Overload Point
Augmented Reality

Advanced Video Coding
Committee Draft

Core Experiment

Call for Experiment

Call for Proposal

Commercial Module

Cubemap Projection

Commercial Requirement
Dynamic Adaptive Streaming over HTTP
Draft International Standard
Degrees of Freedom

Dedicated To Sound

Digital Video Broadcasting
Equi—Angular Cubemap
Equal—area Projection
Equi-rectangular Projection
Electronic Sell-Through

Final Draft International Standard
Field of View

Frame Per Second

High Dynamic Range

High Efficiency Video Coding
Head Mounted Display

Higher Order Ambisonics
Industry Forum

Internet Protocol Television

ISO Base Media File Format
Icosahedron Projection
International Telecommunication Union
Joint Video Exploration Team
Long Term Evolution

Multimedia Broadcast Multicast Services
Motion Constained Tile Set
MPEG Media Transport

Media Presentation Description
Moving Picture Experts Group
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MR
MTP
NGA
OHP
OMAF
PAR
PC
QoE
Rol
RSP
SDK
SDOR
SEl
SHVC
SMG
SNR
SNS
SSP
STB
SVoD
TG
™
TP
ToR
TR
TS
TSP
TTA
UHDTV
VCEG
VOD
VR
W3C
WD
WG

Mixed Reality

Motion To Photon

Next Generation Audio
Octahedron Projection
Omnidirectional Media Application Format
Project Authorization Request
Personal Computer

Quality of Experience

Region of Interest

Rotated Sphere Projection
Software Development Kit
Standard Dynamic Range
Supplemental Enhancement Information
Scalable extension of HEVC
Study Mission Group

Signal to Noise Ratio

Social Network Service
Segmented Sphere Projection
Set-Top Box

Subscription Video on Demand
Task Group

Technical Module

Technical Plenary

Terms of Reference

Technical Report

Transport Stream

Truncated Square Pyramid

Telecommunications Technology Association

Ultra High Definition Television
Video Coding Experts Group
Video On Demand

Virtual Reality

World Wide Web Consortium
Working Draft

Working Group

Js210A

FBMF-TR-001



Jls210A

6 N AU O]
" o 0 <
o ﬂﬂawgm_@m R|
U o mmlﬁaoé_% Wm_ B0 K|
0 = +m@am__Hom__= 3 KO BN 2
80 = 0. .H._.M 0 3 0 = WW o o0 N} 7 m = 0 Wm _j._ A0
oo g o0 W . = T = = ol H o 3 =
5___o+.m:gagzn Bl = 5300 U o 5 S UmE g
80 oo W L_mmoMmumﬁA i 4 mH_z._FOHu_LJu Oo_=_ = Bam,A_.D.
R T A5 = 7w Rr = RO A o & ok = 2 =S =
%____E?o_gmmbummum_xa._&m_& 1 = 5 < E__%_Mo = = 0 _ &
Tou X SR T AR B W T K m_m of O L W= %5 i
w=HEZ s TR LD RAWGER o B o] Boogn N2 U
O s g ® 150l o Moo < of W g + Sap=l
m o~ K 7 3 ok o1 90 3 %0 A w K] 5 Kr KO 10 AN
= Kl © ol — — 0 T W3 n — o= 00
.rI_A| ok <0 A d W = o = . 130 G
= o o ¥ Bk RTR s W3 o O sm =K = . o = OH
Sa Mg I35 mqm% oT 3~ 2 20 = oD G W gﬁﬂﬂ 53 o
o oy B OF o © 2 Tudwg ¥ 022 z o U =~ Ho.wn D
o_E.Aromd E_E@mh@:w_m%mw:_ouo_u Pﬂﬂw__m ﬂmers_m_ JIJ a____u_u__mﬁm_nﬁ
_.Fomo:.____A_-MoOcILao_Llr__o., o J D.__u_/E ﬂﬂ@ﬁ%ﬁ_ e EF.___O
.umo)m__gg:o_mimgas Mm_xig_ﬂ B E ur w22
2w lw o 0 o5 Swgdoa R0 s gm Ul k““m o =° NS =
EmATx%mmﬁP_gommmuE G o o K Po o ﬂaﬂo____%
¥ U Sy g DzrmSaS + <5 B R n e
1+ %Sm_ﬁ_o_m%@gl_a_mmg EL}H? R 50 _I___wg:_om
t S gl wg s 4 ° 2K op 3 3O = 3T = moH=X
s Lo M R0 £ o Ll mmmm L A > R c W w o
= = JWESX TR sXs5oX T 02 0 28 sa. @ o
3l n_xao::___J__:__juHﬁia___wwmmol,mMMIm_wl| wu.gu D3 %%m&%
z U sr WU = o] M B O U= ~ K@ 5 0 & KO G o =W
J o 2 oz ERIR s Wi O SR ] 5w Do
s W =05 ST ool ol 0 = PN 7w o T X
= 52k E e S R % q . Z2wn o 2 Fmse
o K Y L T o . o A <= W
o] = 0 Ju L. = .l 0 = = o I o =< =t 0 o nd = s
3 W3 .ALluraoF Kl =3 B oW - o3 ~ o
0 E_MoooMm_AEJcaoaoAm_o:ﬁog;g asa M KD ZUZ ™
o1 RmoMomww@&ﬁma;:T:Imwm.@!:Twoagmﬁ == 1 T 5
o vm%xoawg_mwwa@-;ﬁ_m ooy S w0 ™ N
. =8 s z0 - B0 3 W EIT oo i m% o KO U T = = 80Uy M~
53u%%oiuom%oTMJOERAEMﬁ:oLME}oma Ré@ﬁ%%é@
T IR Ry a 22 95 o o JJ wM <= S & =Y
asmowam_wuﬁwﬁm*r,w %Mﬂ%@.hﬁ
sgﬂﬂ%ﬂeo_fi_o 1wzgma£%
, ooy KD <
SR

FBMF-TR-001

0l HXs SO

prm )

e 28 =
=5 EZ0|4¥ H= g2t

to| of

2L,



Js210A

(O 5-1) 2l0J& 360% ItHict
(IB)E=8=X 360< JHHI2HPro7), (223%8)Z2elX 360 Iti2HEntaniya 220 AIR)

Ct==2| JtHIctE & &S cld%Al Jtictot tHsa TJl flofd= 2 JHAl JHE 0l OIF
HMOF & ERIt JUCH IHE fAHe2, 2 Jtilcte 23 AIES XM= SI1&
SFH0I BtEAl MSTI010F BHCH. AIZEXIOI0N 218 2F Jtofictel Fah X0l Z2&8 A
EldE 2Jtsotd 2t=J1 HE20Ith deld, & H2AE foids 222 Jthctol &
St MEHME S8 22e = JAs &F8=S Mook etlt. GoPros BluwE XIte
St EF2E8S MIotd Y20, NEXTVRZ2 AHMIJHE S JtHietE 180VR 208 AE
el MBIAG AtESot) RUCH

(O

5-2) SJ|3t= 360% IOt
(21%2) GoPro Omni, (222) NEXTVR Inhouse 360 Stereo Camera
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d& 2= ME SGuse 2z 28 UssS ?8 2HdE 360% Jtollctot Che EAl
SIACH LHE Jtolict= 294 Olafel el A0t ottt Jtoilet AOIAN LHEEO0 U0 Ab
Z0| ®clotlH, It SR8 I3k 2HMIt HZ2Z 0 JACH E£8H StLkel M EOHAM0 2
£ It S401 =3tHl, 2uteE s S8 &8 & ZLHE0l Jisotlh &M T
=9 HIHOAM EXE 3605 JtHctE EAIotD UCH

(08 5-3) ¢ME 360= VR t0ilct
(RIZ2H) &4 J101360, LG360, Ricoh Theta V360

2UHE 360% IHMctE UWEECZ S &0 Ay, AEIE0 Egon, oY X
HOME AlE2cls S Cst AIZ2 BHoHdOo=Z Qlgf ALOIS AOIOIA &0l AIZE D
UCH defLh &2 X AIE22 Qo MET AN R0l EoHXII Mo &S
ZE= HZE0 ASSHII0= SHAHIDE UL,

HMD ZZS30M AISXY Oel SN HsE dYe 4 M3eez= A2 =
222 SDI010 StAHIOF ALCH NEXTVR, Intel TrueVR, VENTAVR S2 0| &t StHE @l
Aot A At

£ Fs4dotd Utk
(=N =]
T

S AHEXIH AEotAl e
L

= Z0l ot6t), 28R JasS H)lot) MER das M2 MAS= 180% 3DVR
ZE=x M& L AHA 205 HEOIRACH, 2= MAS <ol 180%< 3DVR JthetE
AHAMl OH & ot LT

NEXTVR DVR 42

NBA, =9 HILIA & U=l =2 ALXLX O|HEEZE 180% 3
= O M, Intel TrueVRE MLB AX =9 ME5tH 180% 3DVR =2EI=
ot UCH 20179 68 2% Youtubelll 1 b A
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Ch. #2122 180= VR ZEHI=0| 3DE Hot= A0l 360= 2DVR 2EI=ZLC ZHH0I U

Ct) el QUCH HUotH, =201 af4ots 180% 3DVR &2 AEE0 ERI=

180 ORtElAE AtEctes HALZ A 2H= HAAMSO0| JIE2 HMENEUHAM AFESot
A

(02 5-4) 180% 3DVR 30t
(Z) NEXTVR 180% 3Jt0iet, (2EZX) Intel TrueVR 180 Jt0ii2t

222 180 3DVR 2E=ZE &H3IAIIID] <6t LG, Lenovo, Yl Technology, Z
CAM S Ct==2 MZ ALt 25t LiME 180% 3DVR JtHctE 20174 Z0l EAIS
Ct) 2 HGHRUCEH 3DVRE S&E AEE AHPo=Z Qlof, EF HIHEH HE &S24
S55t0 A= Sokeldl, AEIE0 ERel= 180% 3DVR Itdiietdt EAECHH VR 248
= MZ 2 MUADN ECH 2l WEstE 212 I,

5.1.2 BHEDJ|lz & ZHIEE

OIRUME B2YE 360% a2 HEGID 286t= Il BHSEEE L0220,
AEE M2 B8 Nl A= tHES S422 ot Z=0, A8E FF0 2Hel
o SHMLL AFZO0l ETHSIH OISM 2201 Hele 401 LM & C
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Jtoler "atol MAH BH)| X0l §2 EAGH| St Ot ez CIXE 2HDICIo
(Digital Intermediate) &2 £&5ICH. 360VR &2

Of OFSD| 20 222 Ao X0l MM FAo 2HTE MNHodote AJt =L
28210 It &0l 25 CH2D| M20i, Jtoler 2t2) 8|2 MAs 2

| Ol SK0otCH.
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=010
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(0% 5-8) D.I. &Y =

O] 0= 360VR 2EHI=E HEGIJ| fIHAl Adobe, Kolor, GoPro, Orah, Mettle S Ct
st HIHHOIM 360VR S&0 S3E JlssS2 Il AZEYUHSES SAHLD Y20,

B AEE 20 AAIZE Z2|R

B HMD J|JIE& S&t &AI2t Z2|=
B Yaw, Pitch, Roll F

W 360 94 A 3i(stabilization)
[ |
|
[ |

AAIZE ME 2 MHIAS IS et0lE AEE
AHML S #HE

360 FafZtol EXE =it
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5.1.3 2UQ 2E= &S Y AN
= o2 Io|Az2EE Eoil OI2WAICH J1&EQ MY

QLU ZHEH=xC9 &Sz BN = Jlgt
QULUAM= otlt Ol&e 2 E£= AH/CM? 0013 8o 2QURLE &ESot,

012 2UAGH0f 2Bos WHOI AFREACH
VR QUIR0IME 360 Q&0 HSats
S0 USH, 0TS WS R0 JIED RAS S w0l ASED UL, VRS

. HOA(Higher Order Ambisonics

=
=
L
Hu
I
o
e
0
ror
0%
0%
=

} HOl =& (binaural) OIOI2 22 S0l WEXO|2H & £ QUL
HOA OI0IAZZ2 Ootellel O 20l &3 D8t @[ 2(Scene based Audio)E &S
oD st DIOIAR2EQIH, =20= VR QUL 8= st A8 010|130t 2AIE D U

(08 5-9) CILE HOA OH0|12 2=

l= JI=2N, 88

MEIAGIA 2 222

02
o
ot
ol
2
Q
o
0
[wl
0
o
Jo
Jn
o
no 4~
4}

U= QLUKRE ESot= A0 Z2E0l JAU, Al s 2

= UL

HOIE OI0I32Z2 ME0l HZ ==

OZA AME Hel 2L0ILE A 2 o0l 00|32 ES &EXI6tH =SS otl= 2A0IC.
7('_-|I:l- = (=]

HOl..d DOI22E2 ALES Ml

22 360VR 2CI29 HSHSE ASTD AUCH
Giel &a Bes Sd StAs = WS DI0ISSES wSois S801 SES0IME
§, AES DIl SRE0N ISl SIoH 012l Hel HE I DUSZE0l SEED,

LEAANAM Bt= HIOILE OHOIZE0l & 2AM UL
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(08 5-10) Ctst Hiol= OO 2=

-

=E otLte FXI0AM &=6tJ| ?lot0d Jtolictet OO E ZMEL2
0 Asdl, HEXHQ 2401 5JH2 Jtolictet 64942 0013 E ofttel &

(18 5-11) VisiSonics 5/64 Audio/Visual Camera

HOA J18te] LU H0lg LS HAR &Se dsE =X HES HIKX &
1 M&ole 20| JbsstU, R 22 UeE 2EHoIUHAL M SHHE HE &= &
SE0 JIEY L02e AHAUHL, 5.1 Y, 7AMME s34 201 MHE Jlgtez H 0|
SIYRCH, Mo VR BHI=2 Z220T R 012 22 MHEIIez ME0 THU
Ct. Oldst xHE DJIEtel Q02 ME JIge& 360VR Z2EI=DIt Ot bt JAE QL0
£ N&ESH)| fot ArE0l ZIE H2e=2 360VR ZEH =2l HEUH= Ctaol 2HE0]
US = UL

Z20= VRE QULIRE H=2 & MEE = Jds &7t EH 02 (Plug-in) EHZ2 =
AMED J=sedl, HEHQL 2401 3 LA IR0 2(GAudio)ll M IS ‘works™ OICh.
IIRC 22 workse VRE 2QLIRLE MAE == U= Z2EX(Pro tools)E E 0z
N Fao S X0 UL SE S |AXIAIZILL, 0IE AlZt0l et OlssteE 2301 It
Sot== ot0, VRE 2QUXE gl M&EE = ULE otA2H, Y Jigt 202, A
Moolg @CL, e I8 QULLE 25 XIASHC.
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(02 5-12) JIRCI29 works A& 5t
(ZH) https://www.gaudiolab.com/product/works

0l KRASH 2110192 AudioEase2l ‘360pan suite’ JbF QUL 360pan suite®=
360VR ZEI=O| QULILE HZot=dl St Z2EXE Z20C=Z A HA ABH9|
EX X0 QLI HHE AXIAIIILD 0l=S6IEE ot= A0| Jtsorl

A

(0% 5-13) 360 pan suite AlgistH
(ZXH) https://www.audioease.com/360/

OI210l= 360VR 2L MAS fIst 8& 240l EAIJF DD JALH, &= U=
22 EH000] EAMI E Aoz MUEC

StH 360VR ME Ei0ez 2 &= Q2U, JIEQ MY Jiet & =322 el M
M ULE XN&dt= E2102101 A=dl, 0lds EH40% 360VR L1222 HMZ
222 = UL HERHQ H2Z= Dolby, DTS, Auro3D 2 241210 JU2H, =LHO
NMe 38 ASAARRANA HE QL2 UM LLILE KAole Z2EXE 241
OI2 ISt AUCH
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(0% 5-14) VR 202 HMZE && Jis 202 =212 o
(RERARH AHLESZ) Dolby Ec11¢!, DTS E21192!,Auro3D
=d11¢l, ETRI 212

51.4 VR & HMEA

YSAMUAM= 360VR 2E =0 XNEF5HCZ 2as JHNLD UA2H, A8H A T
&gk 360VR 2EI=E M Aot UCH Est, JeESl 360VR 2EI=0AM Ay, O
= = =
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5.3.1 VR S 3
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unity UNREAL
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Videos and Virtual Reality

Northern Entrance
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RECENT EPISODES IN THE DAILY 360
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Fish Market
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Answers Your Questions

Where [t's Made: Fourth of How to Become a Secret

Enter North Korea

Pyongyang, North Korea
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6 =& 0ICI0 EE3 S8 24

6.1 MPEG EZ&3t =8 & &MY

MPEGUHIM= 2016 108 &= HS 32 0M MPEG-I(Immersive) EE3SIE <& IS4
252 AMHEGIUCH, 2 EZES0A= ME22 0100 MblAz USEE1D A= VR/AR
MHIAN 222 £ As 22E QUQU/HICIQN e BE=3E =R 222 &0 Ul
2 Z0Mez 012 23&E MPEG-I, OMAF, Video, Audiolfl Uit E& Jl= st &

A0l CHoH 22t M=otRUL

Ol

6.1.1 MPEG-I IR

MPEG-I (ISO/IEC 23090 Coded Representation of Immersive Media)= & & 0OICIO
ol Ciet MPEG XtMIOH E2RES ULt HICIL, QUL0HA AIAE A0 0[Z2J(7t
A MM HE= HZAAES A2 o= EE JI=2 #4E ZZNEQ|IH, 360
VR(Virutal Reality) BICI22 MR(Mixture Reality) & 6DoF (Degrees of Freedom) &
st S8 0100 MME 12 Az 8.

N

IES

—

i
H

6.1.1.1 E&3 Jl=s &

ISO/IEC 23090 Coded Representation of Immersive Media

Phase 1 Part 1 : Immersive media Architectures
SE:360VR 4 ME/HE - Technical report containing architectures and nomenclature for immersive media
€73 Phase 1a (17H8) - . .

Phase 1.b (1942 Part 2 : Omnidirectional MediA Format (OMAF)

- Media file format for omnidirectional media & immersive media

Phase 1.b&= 3DoF+ X| 9l

Part 3 : Immersive Video
Phase 2 - Coded representation of immersive video

S 6DoF 360VR
= = . .
gs/HBAs Part 4 : Immersive Audio

UH: Phase 2 (2021 %) - 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

(08 6-1) MPEG-I ©H Y Part 24

MPEG-I= & 2 S H 2 Phasel 8 I Part=2 7‘*9|E|O1 U1, 2 Part OFCH
HEoz 2HEN UCH Phase101|A-I“ 360& VR g4
i Phase?2= 65 NKEZE 2

=
Part 22 HZESE &=

oM ﬂJIHJ
2
£0 Mo
L
.
ne
!
rr
o
=)
[Pl
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B Part 1: Immersive Media Architectures

MPEG-I Part 12 MPEG-I RFAE0| Q<4 =2€d 0I0AHS =2 A2 AlLiel2 &
OIS E H2IotH MPEG-I12l MMl OIEMME E&ole JlE EUNMZ 2HECC Dl
= 2EOAM0H= £t MPEG-I2] PartlM AtEEl= 228 OICHS 2dE =2 202

ZolJh ZEE 0 ULk

0

B Part 2: Omnidirectional Media Format (OMAF)
MPEG-I Part 2 &2l OMAF= MPEG-IQ AlAE H
ISO Base Media File Format (ISOBMFF)2| &t& D|C
& 12 MEE 360% HICILS ME & M&s5S S

==

2 6DoF AlLIZI2E XI&GH)| <o 2&0| =& E

= 1230l =€ OIU0E <lg
[0 It 2% 7FA0ICH OMAF H
ot LM, &= HAE0= 3DoF+
orct

B Part 3: Immersive Video

MPEG-I Part 3= MPEG-I 2&& 0ICIH ABIAN =R&t

£ 2ol HEVC (High Efficiency Video Coding) E= 0|2 Joint Video Exploration
Team (JVET)2 ?4ot0 xI| G4 &= I8 /s xJI

RUCH.

B Part 4: Immersive Audio
MPEG-1 Part 4= =28 2L2LE ¢t #&HA= sl 0 220= ol 6DoF A
|

&l = 7ol 2t S UL g5 2 Hd 238 H=01 2= Ch

I
i
o

B Part 5: Point Cloud Compression

MPEG-I Part b= &= =g ZE=E F&ot)| f& e J=2 atles ZE 2
dREQ 2 2dd HEZS FHOSHL HEQIE 2Rt = 4o M2 H= 22 22t
Aol MEHE Y= FEE JHA 3N & HE YYo=z M XHJ| 6DoF ¥ Mixture VRE
JtsotAHl otd] figt Jl=2 e UL

B Part 6: Immersive Media Metrics

MPEG-I Part 60ll= S&& DICIO MEHH MEHO 2 & AIEX B2 SES &3 of

U gotg = UAs 000 HESH SS0I ZSEH0 UL

B Part 7: Immersive Media Metadata
MPEG-| Part 72 MPEG-I2| CtE PartOll MEH H2lE HE CIOIHE &Zote A3
IHEO|LCE.

Bl Part 8: Interfaces for Network Media Processing
MPEG-I Part 80A= =¥ 0ICIHS HIERZa Hs fst CIHHIOIAE A O|EHCY.
O o
9]

S0l 6DoF ZEH =S =2 HOIHEsS 22 o= =8 € 0IU0 MBIAE
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6.1.1.2 EE3} & & &

MPEG-I EtY ctele 3 HAHIZ XNHECH Phase 1a 27 AtE2 360 MY & HICRE
JtsotA ot= Jl=2 XRots BtH Phase 1b 2 Phase 2 @7 ALEES 212t 3DoF+
2 6DoF OICIH ZHEI=E X&Adt= Jl=s =HZ &l &M & 4=2 Phase 1a
= 22 @10, Phase tbhe QTPAIE &2l F0I0{, Phase 2= A& AlLI2I2 ¥ RF
AE =2 S0l UACH
<EH 6-1> Xl AS

| =SH L &8 2=z 93
Phase 1a OMAF v1 (360% VR) 179Y (&#8)
Phase 1b OMAF v2 (3DoF+) @PAtE =29 & 198
Phase 2 6DoF AE AlLt2I2 ¥ RIAME =2 S 213
6.1.1.3 &= & Y dHF
MPEG-IHIA &ECoGt= ALE AlLt2I2= Otel 80 20| ChYst = st3s Z st
3DoF2l 360% Mger HICI2, 3DoF+ MEer HICIRE AMA2=Z, UIOIAHOIE0l JtsEt
A8 =, Social VR ¥ 6DoF MHIAE 2ot HEstot MatE 0|0 MPEG-I= XHAICH
S8 DICIHO OHe AtHH EFEO0I 2 MIOICH

> Forward
XS s
(s N ~l
f (S, ' »
>
Hhdkward “ ( i g Backward % Right H .
Hax d
3DoF 3DoF+ Omni-directional 6DoF Windowed 6DoF 6DoF
e  Phasela e  Phase 1b ¢ Phase2 e  Phase2 ¢  Phase2
. ()»m;\'dutc(ional video . Omnidirectional . Constrained ¢ Constrained e  Full rotational and
st video with binocular translational rotational translational
vision and full movements along all movements around movements

motion parallax axes Xand Y axes, and
translational
1 movements along Z
‘ axis
OMAF ‘
Phase 1b Req. Phase 2
6DoF

(08 6-2) MPEG-I S22t &3l E9
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6.1.2 OMAF Version 1

OMAF= M8 OICI WYZSH HFECZ, 2015E HZFES XNHS AIEGIH S 3
DoF XI&Z <8t OMAF version 1 E&E3t2l 022l A& UCH OMAF= AEL 27
of et 8&Eocts =Y€E 000 AHlA Jlss H&E0 0L, CHEst HEelAolE
MEIA AUel2 X3, MYE 00 Z2MA g24d Sl & g5 22E 010 A
HIA DJl=2l 2eko CHe MY S HMAISHD UCH

OMAF HZ&3t= Oculus Rift, &84 Gear VR 2 HMDJt Ui=3sH &0 AIEMHE 20154

108, A9A HUlBIOIM Z2l 115X MPEG Z2IUIA AIESIUCH EAl 001 AIEN &
grak OICIH MHlA & CIHOIADE B25 0 JA/AI 20 0l st =2 =l
AOIE HLCH HAZ {18 MPEG-A MAF (Media Application Format)2 2% HZFES=Z
OMAFE EZE3ot=e N2 HOAS2 240 2O0HFCH 0lF 3 DoF J|Btel MEst 0
Cl M&E L &S 720 OIS LPRAIEDY Jl&7d E&HE /st =20 22802
O/, 20164 108 == FFOHAM JHzIE 116X MPEG 3 2l0A= 3DoF J|Ete
ME, 885 #a3 HEE=E=00| OtLlet, 6 DoFE 22& DILHE 98 Systems, Visual,
Audio, GraphicsE ZZ0l= MPEG-I & HAE2 &EIIH HE0l =&AL MPEG-I
= &M OMAFSl 3 DoFE AIAE2Z, 3 DoF+, Omnidirectional 6 DoF, Windowed 6

Dof, 6 DoF%t &0l AIZEXt 88 = Us AMZAE NU=Z0 et JHE= ME3tot(
20214 JHXI2l HE&=3t “%*% H=otd JACH
OMAFE 0l MPEG-I2l EH5HEE=CZ 0lsotHl &AL, 2017F 2K 3 DoF BEE3t

2Zcte MPEG-12 HE N et EES &Y 555 =0, 201748 120 Committee
Draft (CD), 4&0l DIS (Draft International Standard), 72 0= Study of DISE & ?2t5t
[0, 108 D20 JHEIE 120X MPEG 3 2l0lA FDIS (Final Draft International
Standard)Jt Z2+EI AUCH

6.1.2.1 & Jl= MR

OMAF= M8 DICIH MBIAE @8 H& XS EFEC=Z, J|E2 2D (2-dimensional)
DICI Melg RIst &5, 25, H&E, d&5S A8 A)|ls=S52 JIBe2 510 U
Ch. GE&t, &S O0I0IX, HIOR HMelg s M22 Z2AA SHHSI 610 28t
HEIHIOIEIES Dl "F2 X6t s 182 OMAF ZHEQ9 SXSES
end-to-end 2NN 20HF1D U200, 0128 & S50 U39 Jls QASE X
et
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i Audio encoding
_ 1

= 1= . ;
_':?ETQ" Image stitching, : . T —
rotation, | Video encoding File/segment Fs
projection, and 5 encapsulation
region-wise | Image encoding ] B
--—-——-=--’#ﬁma1. - :
T et i -l o e o i g e, o o e b e b
g | Delivery
2 L
N g !
Loudspeakers/ |._° - . . ~ i
headphones | Audio mndenng |11—' A.uduo_?:_r.odmg :
] ]
pomeemmmet ST T SO V. Metadata :
] Sl B . H
! ' [ Video decodin File/segment | © | '
— i _.i,___.l g /| decapsulation | - !
| Display -1-—5— Image rendening & o K 3 -
| Fy g 1
! L _Image daoo-d:ng E i E
[} o V- - W
e P - _E _______ 1__| Headleye B
Orientation/viewport metadata tracking | Orentaton!
viewpart metadata
(18 6-3) OMAF BHE S& S8

Bl A E| & (stitching), =2 & & (projection)

dgier 0I00s QUL dA% JthctE=2 R &S0, etz MAsr 4|02, 0
OlXlE ol el Jthet2RH &S50, 8s5E 0

(stitching), 3D =2tatol & &g OI0IXIE &

M& (projection) B2 HXIAH SO ChYst T2ME oS0 HR/NEED A2,
OMAF= & AMEWAM BEHESOZ AIZ2E= Equi-Rectangular Projection (ERP), Cube
Map Projection (CMP)& XI&otd ULt 8 OS2 22 ERP, CMPOIAS Z2H

& ggHsE B0 UL

x

e

-
.'ﬂ

(2 6-4) Equi—Rectangular Projection (ERP)
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(O 6-5) Cube Map Projection (CMP)

B 2/&A0IX THA (region—wise packing)

D2HES] 220l Z2MEIE T (projected picture)= RSO 2|MA0IE IH
2 (region-wise packing) &S HE =+ QUCH 0 BEHUHAN Z2REE LHE 2L6t
= IS /AX, IJ| L LS HEANZ = ULH, dHHY &5 SE= =0/HLU,
EE |KRIEE (viewport)0ll oHEot=e FHo HATE CHE FH0 HidH =H Melge=z
N AFERE AME JIgt ZZ2AA0 A EE = JAESE BXH2 F4S JtSot HEZH
(packed picture)E A4 SHCH.
Image stitching, rotation, projection, and region-wise packing
. Bi Stitching, Projtcected Region-wise R Palc?ked Image/video
Inputimages » rotation (o_ptlo_nal), — picture paqklng > picture(s) — encoding
and projection (optional)

(O™ 6-6) cl™20l= M2 (region—-wise packing)

B =ITH HE (coordinate conversion)
OMAFE AEIE, Z28A 2[MA0IX THAN Z& HELY Md UHEH UAHAM, 3t
b

2 322 3A (rotation) 2 dMYE ZEHIES Al
|

0%
o
o
o
<
@
o
Q
e
i
=
|
L
o
Ul

PR Ol=sS Sgt &5 0 HE X s OYet 2HE
SEe SHS Z= dYe 00 HE2AH0IE AHIADE JtsSotES 6t UCH
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Global coordinate axes Local coordinate axes
------- -‘--------l------- T 1
1 1 ! 1
! 1 ! I
1 : 2 ' 3 1 2 ! 3

1 1 ! 1

_______ Y S 1

a) b) ¢) d)
Projection structure Projection structure with Projected picture on which Packed picture
aligned with orientation indicated in regions for region-wise packing
global coordinate RotationBox are specified

axes

(08 6-7) HE(Packed)HX HdS 98t ZI2AlY

i
=

W I/#0t0| (fisheye) HICI2

I#+0t0] HICIRE AN EYe AEE &L ZZMAH WS HIIX £ T#010] =
E Eol = MZd O0I0IXl (circlular image)ES Z X0l =& BHXlots 2A0|CH &
grsf HICI2 &=2 /ol E F M &= 1 0142 U4 0t0l elA2F MZ2 O0l0IXIJt
AZEICH YA S ERP, CMPA= <2l HICIRS QAL & AER/Z2HME L
cldetOIE THE WES HXIX $H2H, ME O0I0IXIS0l AAEXH CldtolAo HE X
SE0 AEE Y HEHY = YAO0ICH OMAF= 0le4st T4 0t0l BICI22 AEIE &
g XS {8t m+010l HICIL L2t0IEHES NME8HC.

W Ef2 S HIEHHIOIE (timed—-metadata)

OMAFE= OICI CIOoIE2el Z2MA 0t 2taA= HEHHIOIEH &S OtLlet, Mg HZelAH 0l
& AMBIAWAS AFESX HE SAS 28 EFJE BHEHIOIE (timed—-metadata)E M3
D UCH =II A& (viewing orientation), =& R IZE (recommend viewport) 2t 20l
g8tak OICIHSl A A2t SE0 et Hetdte AME, REZE 28 HO0IHES2 M35t

ULH.

S

. H
\__'~__|
i
o
=2
30
=)
>
50
o
1]
0>
o
na
k]
A
Qrﬂ
[
™ |0

HEVC)E O0I&8& ArEX AIE JIgt Z2HAS HE 20HEC MIEQ base layers
£ 2353totd, 13HE 2l enhancement layer= &AMl HICIRE MCTSZ &

ot 253+ StCE. Enhancement layer= AIEXC FZEN WMk oY MCTS2H &S,
FoAF2XE AIE0 A2210] st MZE = MRS base layer= AFZ2XF AIE
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ol AN SXZE O|0IKIIJF AF2XUH EWXIDI MRS XIHAIZE (Motion—to—photon
latency) 0l AFZ2XHOIH HIZ2E 2= U0, AIZ2X HE 252 A8 & £ QUL

Encoding
and
storage

Rindil
Transmission _’_’ —
- 0-1 =

decoding
= Temporal inter prediction (TIP)

" Inter-layer prediction (ILP)

(08 6-8) MCTS2t SHVCE 0/88t AFEXH AIE D18 Z2 A& 0

B DASHE S& dYe 00 &

DASH AhG (Add—hoc Group) OﬂA‘IE IP/TCP ZZ0M At
NSH MeE 0IC MUIAE W36t f8 DASH-VR EESE =3 =0l &M
DASH-VR2 3DofF (Degrees of Freedom) £ XI&ot= Mgsk =

i)
Pl
=
1l
>
o
ol
A
&
12
JH

=0l YoM, 2 RIAAMNES EUZ DeHE VRESW S Core Experiment (CE)
ot &g =0ICH

Ct22l D8t 20l DASHE S8t OMAF M&2 @loi d2E 0ICI0 &5 2 HEH
OlH XI&2 98 DASH MPD(Media Presentation Description) & &0t head/eye
tracking2 Sol ALEX AME0 cHEYSt= DASH segmentl MEIA ES=41 20H0| =2
S0 UL
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DASH delivery

Fe F

» DASH MPD |—* |_—_|
. Server
generation G

DASH MPD
& segment
reception

TA
w

Head/eye | ________1
tracking Orientation/
viewport metadata

(08 6-9) DASHE S& OMAF 2HE

OH

B MMTE S8t d2 g DIEI H&E
MMT AhGOIA= IP/UDP 230N &dZE OICIHE MEX AIE, MEX AIEDIBSZ

SE820Z MEoHI fIE MMT-VR HESE =38 Z0I0. 2ot F 0 A2 FoVv
)

(Field of View) AEec| 2 & SHWAM EILE OICIH AECIYS MMT JIEtez
KIAGH)| fI8t M&E AES S MMT JHEALE0l CHEH CEDL A& S0l UL
G2 83 20, MMTE S8 OMAF &S @il 828 000 &8E 2t HIEHD

OlE1 MA1, head/eye trackings Soll AIS X AIE0 HESl= MMTP Flowe &2
8O0 =2l&l 10 UCH.

BIMT Sending

| e

ADLC Generator

Timed MNon- Timed
MPEG CIPE VR medianm
Creneritisg MATE Flow
Viewpor
Feedback
v Application
MMTIUDE Sienalling

MMTP/ WebSockets

Preseniation Informatson
Signalling

— 1

A 4

( MMT Receiving
Ennity

i
_____

[ .
(2% 6-10) MMTE S& OMAF 2HE HB
B OMAF Z2Iig
OMAFS 2t &8 JIZRASH JIE 2UL/HICIL/00IN IUSS Jwoz
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g QCL/HICIL/0I0IXl MHIAE HM3ot)| fI8 OGSt 22 Z2MYSS M3SHC

o HEVCOIEt AE Xt ANE =g HICI2 L2y (HEVC-based
viewport-independent profile) : HEVC Main 10 profile, Main tier, Level 5.1 A&

e HEVC DIt AFEX A& Jl8t HIC2 Z202 (HEVC-based viewport—-dependent
profile) : HEVC Main 10 profile, Main tier, Level 5.1 A&, viewport—-dependent
processings $I8" SEl message ¥ ISO Base Media File Format =JF HI2FALE
£ It

e AVC JIBF AFEXH AIE JlBF HICI2 ZZIHY (AVC-based viewport-independent
profile : AVC Progressive High profile, Level 5.1 AIE

« 3D U2 Hiolaetel T2me (3D audio baseline profile) : MPEG-H 3D Audio
Low Complexity profile, Level 1-3 AtE

e 2D 2D U2 dHAI EZ=20+ (2D audion legacy profile) : AAC HE-AAC S &=
HE-AACv2 profile, Level 4 At

e HEVC 0I0IXl Z2Ie (HEVC image profile) : HEVC Main 10 profile, Main tier,
Level 5.1 AtE

o dIDHAl OIOIXI =20t (legacy image profile) : JPEG OIOIXl AFE

6.1.2.2 &= 8% X AH
OMAF version 1 &3t &5 & 201748 0|=0 & MPEG-I2 HEON %LH 3 DoF+ S
£ XI&3dt= OMAF version 2 &3t &0l 20184 LAl H=E WEOICH. OMAF
version 2 OiM= AEX AIE ART SEHY AMSX AME JIEE Z2AH4a S OMAF
version 12| s & & Jls && 329 =Mt =2& ez MLEC So| 03t
M JHEIE 120Xt MPEG 2l2/0ilA= OMAF version 12| FDISE Z?2tct= SAI0, M
BoH AEZ (sub-picture)2 0|&8t MEX AIED|BE T2 AHA JI=2 OMAF version
200 =2lotl|2 Z2&ot] Ol0the TuC (Technogies under Consideration)S 2 2t6t
R[N, MEZ2 Z=MHE ZoH 2|MA0l= T2 Efe & ColUeY 2IMA0IE THE S
version 10lA DFR2IEX 22 JI=SS “List of proposed features and technologies
for OMAF amendment’ct= HM=S2 ZAMZ 2oL 0lHE JI==01 ZEHOI
OMAF version 22| &3 &

Jo
=)
[l
P
|0
HU
=
0z
m oy
a

6.1.3 Video

20153 ISOAHGH SC29/WG11 MPEGDt ITUAGH Q6/ SG16 VCEGS XHMICH HICI 2Y
HES 9?8t AHO Od8 etEJ12 €230, HEVC Ol MEZ2 HIt2 2RYs &4l
ot= 1&¢2! Joint Video Exploration Team (JVET)2 NS XQl 20 I4&2 HEot0 M
SN SEE JoEs LE UAU E&E2 Y22 ot 2ME22 SDR, HDOR, 360
S HIOR 42 /st MU 2= E& DU2 /st Dz €= ot HS SEZ &Y
OM, XN 2@ SO SDR, HDR, 360% HICI? =O0FUHA CIet D=2 8ot O
Jt2 THMO HICI2 2= HE& DS EHlotA T
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Xt 20178 108 0212 OIEOIM SC29/WG11 MPEG ITUAGE QB6/ SG16 VCEG2
Call for Proposal @M &M Z2totA 102, SAIH SAE A2 1EQ2! Joint Video Expert

Team (JVET)E 20 XAHIU &= 2 HFSE AIXSHRUCH £&, HEVCE 360% 4]
Cle Z& RSeE st SEl 9 E ot 2H, 0l0 EUM= 360 &k 2t HEVC
360« HILI2 =3 Z&= Jl= A0 &M JVET HIOR EES Jls S8, EE3 &
d o g M 2 2= Holot

6.1.3.1 HEVCIIBI 360 H& DEH=2 {8t SE

MPEG % JCT-VCUIM=z= 201748 1& HMUBIOAM Z& 117X MPEG 32 0IA

“Additional supplemental enhancement information”0l2t= M=ol HEVCS 2% EZE

£ PDAMSZ AMFGID EESH P2 XS0 RCH OPI20M 28 121X MPEG 3

M E REHEES FDAMR2Z Q6L 25HEF0WHAM= HEVC HIEAEES =
==}

MOZ AELl= HEVCE I SEl message

g, OAsdol, JIet HES sI1 At

S= Jot¥2H, Sol 360% HILL FI3E st U8 22 SEI HAXIE E2lot
U ACH o= SElI HMXIE Soil OMAFOIA &2l ERPZH CMPRt &2 ZZHE I
s X&ot 2ld820lE W, 2|8 S OMAFOIA XI&ote JlsS= HEVC BIEAE
g AN SLotAH XI&stn AT

B Equirectangular projection SEl message
Mo HIEAEZHS ERP EUYZ 2= CRYE A4S 3D 240 2y
(remapping) & £ QUNSHCH =IO 2 IHY (padding)dt JIEBHE (guardband)Jt =

g F2 00l UE FE

B Cubemap projection SEI message
Mo HIEAEES CMP HLUMAZES A= CDYE JA4E2S 30 S2H40 /HH

(remapping) & %= QUH StC}.

B Sphere rotation projection SEl message

AN OMAFOIN &EYS XEH HE E22F SAGHH, 360 HICIL20 A& 3D ME
b XI&E ZtHE A (global coordinate)2t CHE 22 JIE IHEHZRH A& = O
BE H Ct.

Al
|,

—_

fon

02
i
0K
ro

B Region—wise packing SEl message
2N OMAFOIAM &Zet 2|02 THY A2 RAGHH, 2@ A0l IHA 0|

SOl HZ Lol et 22 HSstih.

12
00
rn

N

B Omnidirectional viewport SEl message
2t OMAFOUIA A2 S EIYE HEHHIOIEH2E SAIGHH, AFEX0H =88 82 22
AlHIOI & (viewing orientation) 82 E M Z&HC}.
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6.1.3.2.1 360 Y& s HZEF HIOL DE

J282e2 MPEG ¥ VCEGE 2D 0I0IX & &= IY HEQ oz &=C0 28
HE2 OZ2HO MEA 2 CRY BHE28 HEEQ 2R2=x8(normative) 22 &[0, 2132
g s 2 &d™el UE (pre-processing), Xl & (post-processing), HHTS2
HZEOA MLSHR 20 QUCH SHXIZH 360% J4&9 FR, 3D &2 20 M2 5
2 1 BtiHel EXtot ERot, 1O MHUM d-FHele &5 ds0 g2 01X W
20, S JVETHAN= dHMel L EHeE 128 AHCIOF XE S0ICH EYol =2
M HENE0 DEHs0 0Ixles S0l et AHCIOF 2101 UA MO ZHC.

6.1.3.2.2 ZZ A4 Hel

JVETOIA AtEdt= 360 VR =2 I8t HAE Z&2 Equi-rectangular projection
format (ERP) Z2 XM A0 FSOE 2DJ|8F 8K oA T JAS AISSICH M Al
UM AFESZ= 360 S& Jtblicte HREE2 M&E=2t 2DJ|EF ERP Z2ME Ao =2
MBI, HIAE J& £6t ERP Z2RE HAloz DA F&AS ALSGHRULCH
(0% 6-11)2 JVETOHIA HE 360 F4& J|2 T2 A4 HIS LIEIHCH HAY 8KP A
Ol =D g8ez AEE 1, U2 454 HEL SN AIE6tLXL ot ZUSZ HEHE
Ct. OIE Het" E8 Z2MES 4K 20Z &0 ¢13HS & gtol 0 o = 213
g/02Y WES HHE U2 S8 ZZHEO 4K 209G A2 HEZ Viewport renderers
S0l 30 ZAC=Z BEE £ UCH, S22 JA2Y 22 ERP 8K J&oz JMES TN
OI2x2e=2 &85 J|E st

Rendered Rendered
Viewport '-{ PSNR « Viewport
ORIG REC
ﬂt low fidelity "
(e.g., 4K) L
ERP recERP
CMP | recCMP

’ EAP recEAP

. Format 1 I
Tesér;atge’gals ‘» conversion . ‘ OHP | Enc/Dec ‘ i recOHP ‘
(high fidelity) | S;‘:ﬂ";’;’irr‘;g) | sp €g. HM) | recisp

Format ‘ Reconstructed
conversion | ERP (e.g. 8K)
(up-sampling) ‘ (high fidelity)

> WS-PSNR, S-PSNR |«

»} CPP-PSNR, S-PSNR |«

> WS-PSNR, S-PSNR |«

(O™ 6-11) JVETOHIA EE 360 S& JI=2 T2 HA Ao
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rH2 3DE dotes &AM 3040 U= o= U2 oIl HOl 2084
[m]

OZ HiRe= WS ST M JVETUH M= Chest ghaol T2 A0l Mo &
AOH, 2 ZT2NM YAl 2Y As0l DIXs Fas mol)| /o, 4s& &2 |
S&EOZ 0|S0| JACtD ToHE = Z2MHASS =86t SWOl SotQCH 8, 28 =
SHEME BtA2 OI/CIZHS M AEHC =10 QUL
B Equi-rectangular projection format (ERP)

0

0>

102 BHE Al SRS xF2=2
S

M Ot 20l M0l= Y&

Bl Cubemap projection format (CMP)
3DE FSRUHMZ U2 SIFOMH, IDYAS 20UAOR HEt
Of BHO=Z WIAIZICE 6IHS AIZES

0| Jisottd, 8= 3x2 dllojot20l Cl

B Equal—area projection format (EAP)

ERP IZSH1IL RAIGHH 3DE 72 Z2LEGIUCH, 3DIaS 2DGaoz HE Al L E
XxECZ FTE y=E2Z HIRN YWHAIIXICH ERPA= €el BEE y= WA
uniform BEO0| Ot:l non-linear HEZS £2Ch oY WEHS M= B 2040A LIEHLH
= ZEO AJIJt 304U & HIE0l H=e ZE0l UL

B Octahedron projection format (OHP)
3DE AR DU JIFOH, IDIGAES 2DGMOZ BIE A
LIS oioz QO AIZICH 8I1e HALSES HO H

Ot=0l Jt=0otCt.

B Icosahedron projection format (ISP)
3DE HOIYHAMZ 22zl ol”A2H, 3DIAS 20GACZ HE Al 20012 HAUSEES
OHLIC| HWHOZ WHIAIZICH 20JHe HMALEHZS olLel HHOZ WA Al LIS

dl0l0k= 0l Jt=otLh.

B Segmented sphere projection format (SSP)

ERP ILOH I} R AICHH 308 =2 ZEEHOIULMH, 3DIAZS 2DFEAC

o=z USs0 BEAIZICH fE -45&2H +45E0tXN= ERP2L S20tAH 2042
AIILE, 455 O|ct, +45% O|AQl 222 22 2040 WWHAIZICH 24 222 6

el BAREeZ Fds & = ULL

=
e

0 M

OH
=

o]

41 FBMF-TR-001



Js210A

B Rotated Sphere Projection (RSP)

ERP ILOHI SAIGHH 3DE 2 REEIIY20 H
HOIAE 20492 WHAIZICH oHE HOIA RE2 HUAZSS 24
OtCF.

2 BE Al 2749

t= HOlAS S

w

O

02

0z

o

N

O

1%

0z

ol |0

H ] 29 Z=XH

A A=E 20 Truncated Square Pyramid (TSP), Adjusted cubemap projection
(ACP), Equi-Angular Cubemap projection (EAC) S0l 360LibOIA XIECH R
CMPOll Al TiME ZT2MM 9HES0|CF,

<H 6-2> ZzHE 24 2 oK

Projection Frame packing Example
. u
Equi-rectangular 8=00 e
e =
el =
650 A3-—-|-— =
P [ =
PR =
8= 0 11 12 13 1415 L6
PeLED @0 =150
v
Cubemap
2
1 4 0 S
3
Equal-area fo=s0) ¥ -
@=0p v
Y=-sin(8)
e ) 0 U 12 13 W5 LW
@={180 o =180
Octahedron
Icosahedron

Segmented sphere
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r
F

Rotated Sphere /
N

NN

6.1.3.2 =3} &g ArE

Ec2l-UAM E8 6X JVETOIE W M= Future Video codinglt & & CfE 201 &£XH

CIACH. SDR, HDR, 360& Y& 0|2 H 3JIA =2 = CfEE SH=2 28U H, 360%E
nl

Ao HAR2 3IHe D&M 2&H Jl==2 NSOHRUCH. 2 JI20M MBS Jl=2 24
o = 2

JbJfget T2 A& ZO0 20 2EE HAECA2H, MEeE S2AM0 =8, BH2H 4
S0l 25 Rzt A2 UEHRL.

Cfe SES BII ot <ol Ecle OIE0AME 202 Fd& EotHo| =2H 33
EOtE NASHRULCH. HItE2 Anchor (M JI=)Q ERP Z2XE + HEVC 21 HlW
ot M= Jl=0l S2 HIEUOENA 0Lt E2 452 UEUH=X E+=E A
Ct. (2L OS)-5(2210 s2) AM0I2 H=+5 A 2 8€ J1=0] =28 dsay
= =oolgell, 828z s2ata0[et 2 &= 220 AnchorOll HioH ZEHel HIE
dlOIE0l &OIERULCE. CHAl 2ol =2 stES ULEIUHI| ?lolA SES Jl=2 26§ &
= ds= UtUe 201 SSEUC

Sl MZ2 RUo SHI 28 2= 25 4 (50% HIEWUOE ZA)el HS Neddt
o 2UAS M, MEBUAM Iz d=s&= 00 28 A2z BHHERUCH TetA, OIA
JVETUHAE MZ22 Z&ES AIAGHIZ Jotd g2 EXE 80t LotJI2 2EGHRUN
7x JVETOIE0IM= Future Video codingdt &A= CIP2AE MPEGL VCEGOl 23

ol
0

0

=

=
Lot e, digd =Mti= CiP SEs flet &8 &8 & 7=, 112l1 logisticHl 2
2

e = WSSO0l RUCH.

A

23 HWE
2017/11/01 sS4 CIP S S5 AR
2017/11/15 Anchor HIEAEE MS
2017/12/15 S48 CIP S S5 28
2017/02/15 CiP SE X& M3E 2=
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T MR g B = o~ < W = F T2 xS
T 2 =~ L2 = i =} L > < =2
nw — 0l © g OF %_ 00 . <o = 3D o0 O F X = @
= _ e | w = =
ok o 0 A< o 53 10 OF . #0 o0 R = o < xS ) 0
o 5 3 SR _ 2. S ¢ 2R =
RO QW K o & _ o S = cw
e B R “m s o< S
5 0 o 0 o oz Woar wE SR EW e T oW
fom g .AO HI - TA_. AL __o_l —_— O_l O = = 1o o_y._ °© (@) v T~ fm g
) 0 G_|L||_ ok . = om @.o < O O._H NAT _I:_ m..l._L
0 8 (I RO o 4 5 © N oy
S M= H o5 = D Rl - = 209 T ol
o H o= 2 W o =g 0w Wis > s o0
o = o 0l © ) _ 0 o H AL
M S o w¥Z WHpguw P LR ® Ly 3 O
A 3 > M 5 K o =0 @ ok 7= 5 o g Koo .
o .m0l 20 o 8 .51 o —_ R0 OgK < ok o A
= E0go=ts Podgsa T o
El o o R = = P { .. O S
5 ol  w®mwm, ¥YZSH RUn B wgms oo
o 3o x X o) 0l _J_HA ol HHA_. KO Ao = Koy =5 @ ==
AT o KY ) . T =
m. ¢ Wy gdx 2L o™ KISz WHBRW I
|| e fo 20 Bl o3 ge ) of m & ¥ o O =
| %} =< |o" o oo om KM W5 R oo 33 . S WA= = 5 W
<| N L a W5 20 5 o2 om .- =W < O
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< il U Y 7l oy ° I 6 ¥ ol 0O = JJ = &~ ol - X
0H| |5u |z TS5 W 55 R T ~20 9" 2 &
| I 202 S F N =K oM@ _ ioll IS ok = A X R &
M| L <0 5 © oF o K — o oK H = o
ol e ® B0 ol » (W) ~N O . T 2 = S = = o ol
olgrfwi w01 ST gy WA 35t T o © SR T IR A A=A
cmRiRi QB Y By e WD D _8 T gnmige s,
SIKHT Sl 80 o 2 ) - o 1 R z) M ) i < = o =
© DD % ™ 80 S <A e} ol I|o = 60 T m or i t il0J O <l n®u )
HW  + SRS Tgma < T
e LW _ Qo 0. WrNMH A Doy, MN=T S
o FOH=s Q2 20 Mo 20 0 oo o o
g T H T O Ry W TR RT WD =V o R R K
SRl EIds RO = U ®) Bl Y A O © f X =
T S MU " m_ g @ woogdoF . F
Ly XU T S = _ S K o S O N © 37 m)
T~ 5 TUMSMWZanorr HMErPIadg0bWe 53
O - O_._ ol = =N Cn_ o —-—= — © - o) — = o =
@ W oy W R s m = "° o JJ X0 <o -
— o - _ — 1o +__| LYol O_E = O._ J = o = = b _ "
o > — 85 =~ o =» - 2 ot hdl 5 5 3 W 1 Kl
SIS o > M S ol KO KW 0O o & MWt ol @
gIZg|glelel @ =~ O oS W R g+ s rT>SH2erc-?2
RL2EEE T mWMS s, . 5D - =T W _ g3 2
I~[05| 3|00 || S o_ouEDE TIE = W = ¢ y i <@ .0 L3 L CZTHOB
olololololo] o = 10 o Om J W= 3 A ~—aeMEg3IMWS e Oag®mD
NNVNNVNINY SEmm oI BN XTITBENNNGE S=R=e0m0o 3o =M st

FBMF-TR-001

44

360 Movie with head movement — 3DofF+

360 Movie — 3DoF

B AlLcI2



Jl=s210A
e Virtual Reality — 3DoF(0ll: 2ME E0A XA A=)
e Windowed 6D0oF
e Virtual Reality—6DoF(0il: H)
e Augmented Reality
HaEE XA A2
o STNXIS HF 22t Head trackingS <&t Al2tS bmsZ JIEE AL,

AR Application : 30 ~ 35ms OILH
VR Application : 50 ~ 55ms O|LH

(HES IS HRES DdotY, 21els =2

o

AeAe O %Otk &)

MPEG 119Xt 32l M= “MPEG-I Audio Architecture and Evaluation Procedures for
6DOF"EANE Za(W17038)ctRUCH oY 2A0UHAM= MPEG-I Audio *XE Ofeie 1
gl 20l MPEG-H 3D AudioZ J|8t22 otH 2012 21HI0l TS HIEFHIOIE (Gl X
St4) DY L oY A2 AHE S FItote FEIOIC

. A e o e o . S

. a1

- p—

Xz
(New)

(08 6-12) MPEG-I audio Structure

£l Y 2AMUM= 6Dof QUILE fst =IF JI=, HAEE s D A, Mot
l= HIIE {8 &M £, CIEHEEIE HAE &4 & S3E =28 I gy &
FIIEO0l 04 S0l =2 U2 H, Ot Attt O3 SHe & d=2 HEDHD UL
B Determine appropriate original content
B Determine format for original content
B Define reference renderer
B Define figure of merit for VR evaluation
B Specify details of (real-time) evaluation platform
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Mo

[w]
—_ o

6.2 DVB Z&E3 =&

ne

6.2.1 H=3 e

DVB(Digital Video Broadcasting)= AM&EXIIF 3t W AIES USSH HdEs £+ D
F=ANS(Rol : Region of Interest)l|8t 1N&E ZS2UANAETE MW SAUH =CH
600F(Degrees of Freedom) &2 N2 EE HE6H S22 2 AMALS SUs &
= s VR 228 000 ¢80l E=E3 HES MAIGHL JLCH 0IE RSt DVBE
20158 103 5H &30 AM2 VR OICIH #&8 & ol0l1Bels YDt d&JI1=0 et
HZESE <ot CM(Commercial Module) &SHOI  VR(Virtual  Reality) &0l

[e]
DVB-CM-VR-SMG((DVB Commercial Module VR Study Mission Group))2 MEH &
S 5L
DVB-CM-VR-SMG& VR Z&AHIAN Oist AIE &Z, 28 Jl= & DAME s &t
Mol WHEsS Helst Study EDAME 22t sAH &M

BlAO CHet H2E A& S0l RUCH 012 H=
ot

EZ 3DoFJIES VR &&)l=s HESIE < 20169 68 CM-VR-(official) &
2=, 23 MHlA AlLel2 E 7S Hel S0l A2H MPEGH SX06t0H HE=3t
£ ¥ S0 ACH (O 6-13)2 HEMEQ IJtasA OICIH MHIAS] AFS2HH LHOILA

DVB interest is

largely here!

Preparation Delivery Processing Rendering
i s '.I ching, editing. g gouicast or unicast [N dl rr.';g? mme“’:’.u: B Videodisplay & head-
TRNRER pOCES, transmission g g e d tracking interaction
encoding re-projection
i b Y

6.2.2.1 CM-VR-SMG

20158 108 OvB= VR 0I00 &&5 Dzl 2ee ZEs =M
OVB-CM-VR-SMG &= Z=otLt. DVB-CM-VR-SMG &= VROl OICIN AIAH S
T2 FlHtE = U= =000 ==0l X0 et o= #1, VROICIHE S A

|
Of 82202 H=2061D| ot AAA QPAFE(CR: Commercial Requirement)S E 2

SR

T

|>
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A AL, E£8t 2016E 58 MPEGI Joint Workshop2 A%
f DVBOIM delal M QIFAE0 MPEG =
2 MPEG-I Architecture AhG(Ad hoc Group) IS Z2X06t

= o
rr
O
<

>
N
A
=
Q'E
2

_4_

Ol A OH

z
o

i =
m
Ql
4%
kJ
0o
ol

ij
Q09
[w

i

4
0

0x

SUHEE &tHotd| fAoi Ofeiel MIIJHAI Key
I 2016 1138 Jta&A(VR) 2SS AL
MMAE/SelE DAAg, ZE=

DVB-CM-VR-SMG= VROICINS] &S
dE=S JHIAIoP‘E"iO 4 Ololl CHet sHE = DI
A0 CHsE AIE 2 J
PNIESq=1g=2 B0 LPAE S8 Fe2Ist Virtual Reality Prospects for
DVB Delivery’ EﬂA—I% L25IR 20 0l Felst '‘DVB VR Study Mission Report' S

2 2HoF R

NI
Zo>|

B ZHH0LD AEHQ VREAS &S, 85 E UUASd0l Iz HE Jisd
B VR Z0IE Z&otH AMMAE/ZZHE SEZS MIAHet VR MHIA AIAE JHE Jisd
m AHIXDF JIJHOI XIZS Z8tst 2= 419 e Jtsd

Lot 20179 18 CM-VR-SMG&= Type A2t Type BZ LiHE Etetels JIBCZ2 HE
St X0 et HES LHESIACH Type AgtH(Untethered) ZFE HZ 2101 ADEES
220t VROICIHE HM3Eote S8 MblA HAo2 A4 GearVR, 22 IIEEE
(Cardboard) S0I 0l0l =3dt= BtH, Type B(Tethered)= AR ZHEHAL HZES Sot

O Mol sEg XY 2= HISEHE HilA 2Ao=Z HTC HH0IE(VIVE), 2B A 2lXE
E(Oculus rift)2t 21 0l0ICt. & DVB-CM-VR-SMG1E& 6DoFXI& VR OICIN At
A0 et ARC Ol8s NSECS A5t A5t 2018F 1QOI VR-IF(Industrial
Forum)2t 8822 6DoFXIR VRZE HES S& 2 &Y 0% ZEotH A4S =

&g oEOoItH

6.2.2.2 CM-VR-(official group)

AD|l ‘DVB VR study mission report’” Z2t2] == XXIZA 3DoF XI& VR &S AHIA
£ H30ot)| st AN QIRAEE Hoo)| f5te ‘173 6@ DVB CMUIA SelE
CM-VR &2 29 =0|0, 6DoF A& VR OICIH AMBIA0 CHSt study Ol&dES XI=H
Jl ?I5tH CM-VR-SMGIt XISH2Z &5 S0 UL

<H 6-4>= 1749 68 H2E CM-VR ToR(Terms of Reference)E LIEIUHH 0IE EUH
2 2 MHIA ALl & RTPALEN et =2 S0l UCH

<E 6-4> CM-VR ToR(Term of Reference)

* Scope
\ DVBJIEt VROICIOI &S I8 CR e
JIZE TV CIAZYO0l LF HZE VR GIEA = MZ222 'THY
(panning)"CIAZdI0l J1=0] AHl HXIJF & 212z dazEs TV, STB 2F &2
DVB IRD £ CHAt
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- AOIE &, BES, HE 25, PC 2 &2 XA IP ¢22 EXIE S8
b

- VR HEI=E &Eot)| ?loil OVB ZUSE 2 EZ2E HAE UHERA

o

| =2
S

- ALE JbtsE Jls 2 AN BHE AlU2IRE Dedst "IHectit / 3DOF
SAANK AIEZ B8 MS
HES SO ME UHOAN Ex2EME £= EZE HAEE S VR
AEI=E ME & = U=s S8 ME Jis

* Deliverable and timeline
VCM-VR2 = SH= 2018 & 1 &0l OVB &g 28 ¥ 239
2] ol AEHE 5 AtetE 2017 @ 12 A WS
VDbvB=E g Vv Z3t J17, §3l MPEG, VR Industry Forum & 3GPP 0l M

H
S HYS JAol0 4R AAMEE 2

ol

[y

H_O
0l
o

22

[£X : DVB CM-VR0052-ToR-SOW-CM-VR10]

6.2.3 VR OICI0 2% 2 QoE(Quality of Experience)
|

DvB= =8E DILIHE MEXNS 8Z Nsx & 000 S40l met <& 6-5>2 &
Ol =23 3JtXl OICIN Et¥ e 2 2Fot AT

<H 6-5> VR OICIH 2F

VR Media Visual =x
Types Immersion e
- Hele olsH e A8 0ls Jts
Head Motion |- At&H Z22H AME 2Jts
3D 1 Parallax - LF JtHiet, &2 Hsol 2 AH AL IHH
oo Tree a+§ 5=
viewpoint - —
E Hel, g=gez HREAH SH0IH AME Jis
Free User
SXPOJ 2N M7y, 22
Navigation
- LF JIHet &5, £= 30 222 SWZ H &
/AN B0l QE 2ol AWM AIAH Jis
- Hel olsol 2 AME 0ls 2Jts
Spherical = gtsr ZAA Al AIXF ELXN HE 2HE
Z=TH
R =113 AKX /ATH UiSE X OE:‘ g%
viewpoint ottt 2I/0tel B2 AFAXY =M
360 |- Hel ol=s0l e AE 0ls 2ts
—panoramic
P CRUE AHAQ I (ABUE X g2
25
<180 - Z=Al(gazing) 2&kol AIEO2H X = GHE
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D2 X0 M2 AR 0E 2=
O] AHAQ It BE
o o TSHEE SI/0tH B2 AN =X
2 XA a5 panoramic | - B2l IR T2 AR OlS =2Jts
viewpoint ) e i
L MBS Jile (AEEE BX g =S

6.2.4 VR DICI0 AHIA AlLt2l2

<H 6-6>2 VR O0ILIHE Sot:

2SS A

MEIA AlL2I2E LIEFHCEH

A SHUA MSH

<X 6-6> VR OICI0f AbIA AlU2IL

Use case Details Consumption Mode Why VR?
- View from the actor Add-on with movie HMD orovide an
Bonus for 2D - Selected 2D scenes purchase/rental immerZive
Movies filmed in VR Promotion(YouTube )
. ) experience
- Promotions trailer,e.g.)
360 filming is
- 360 filming of scene: Free, SVoD, or EST proven more
Documentary . .
nature, war zones, etc. | service engaging for
dramatic events
- 360 filming with VR Free, SVoD, or EST VR audio will bring
Concerts . . . .
audio service a new dimension
Addition to the TV ngv:r!mrl:gr;s
News - News live or post broadcast, via the b .
. engaging for
internet )
dramatic events
Addition to the TV EAS:S'Lem don o
TV Shows - VR 360 view broadcast, via the . b .
internet optionally with
HMD
Short-Form - New genre to be Free or pay service, Similar to mobile
Movies invented via the internet video production
Personalized
Addition to the TV view(multicam in
broadcast, via the unicast);
' . Soccer, football, tennis mtgrnet,umcast mte.ract'we gpp ahd
Live Sports ) delivery mostly, navigation is key;
already tried . . .
broadcast also immersive audio
possible (LTE will be key
application) differentiator vs.
broadcast
Sports - Post produced from live Borjus package Game h|ghl|ghts,
Highlights capture delivered over the watch action from
gniia b internet different angle
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Jl=s210A
6.2.5 & VR HICI2 &L L AlAE
6.2.5.1 VR HIC|2 MH
(02 6-14)= AAMEUH ML JI=2=0 VR HICIR MA HAES LEIUWEH 2 A9 E
A2 <H 6-7>1 2L},
-“._—:;-
(08 6-14) VR HILI2 M4 WA
<H 6-7> VR HIC|2 M4 & E3
22 IR=2
concave | st thel JtnictolA e gstoz Y ol=
Camera|view Ct= gl = Jtolet
i i convex _
orientation | © 0121 JtBIRH AIABIO| S ROI0 CHoH0] 29
view
Capture . T A AEIA =2 2D
Panorama view 305 MAEIL =2 dre s o
HICIRE 24 & M 0™ HXIOALE THAHE
3D relief A= 20 L= HMDUIA G THAME == 3D
HICl
Stitchin AAIZICEZ 4 ~ 6 IS HD AEE = =0 2160p602 8 HIE GIMdEZ
9 | 3Lt HICIQ AE2IOZ AFE Jis
Mapping | D& &0l M2BHOZ H|L2LE SH AU 9 SO02 Y
6.2.5.2 VR HIC|e 2134
VR HIOI2= <E 6-8>1F 20| € JIXS Yoz 253t = UL
<E 6-8> VR HIC|2 13
2= e
- ZPo CIBHE E5I0 Z2EM = VR HIORL 2535
- =2 gtsAlAdE 2 0lEJtsoll, AlEX s&2 Y
Equirectangular(ERP) 0l 2 Rol(Regeion of Interest) ¥¥E ==56t0d HMD
legacy ol CIAZEd 0l

— Legacy equirectangular system

50
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Region OF
Interest

Packager)

Trensmitted videa

-Rol Y90 0ol =2 3JE=S HZ2E %= ULt
Equirectangular(ERP) | MTP(Motion to Photon) XI&1 ghay
tiles
AMNEX SR HHESt= Rol SHOls &=
- 23535 AEE W Rol g4Hot2 == M 2353 ot(
HMDOI &=
- HMDOUIM XI&ot= full & E2 StEE HSE = U2
On-demand|l U AZEO0 ST5D MTP X LM

transcoding

Transmitted video .
HMD resol
(HMD resolution) UHD resolution{yYITY TOTF resolution U
| encoder system dacoder

Mezzanine UHD encoding On demand transcoder usiwort VRdecoder

Captured video

Equirectangular®t CtE ZZ2 XA 2ot HF
Cube =M M2 Equirectangular CHHI 2F 25% It Al

Ol &4

IetnlE T2 MMAES Equirectangular CHHl 2F 80% IHY

POII

Polygon mapping - 23535 AEE W ROl G902 == M 3ol
HMDOI &=(&D] On-demand transcodmgﬁ AF)

~ gt
o s ,
B / UHD resolution| HMD resolution | UHD
K — decoder
s -

f T T r\ N Mezzanine UHD encoding ~ On demand transcoder ——— VRdecoder
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m Equirectangular(ERP) : J|2X 0l VRUICIR ZZ MM HCH)|B| AHIA

m Equirectangular tiled : 223012 TileZ2 &%, AIEZX ROINH WE dHE Tile=2
HME6t= MBIA

m On-demand transcoding : At&EXt viewportE JI8t22Z VR HICIL W ROl 24H
2 FZ0td 018 &S CBtolAS a2 oIDLSIH dEot=E AblA

m Polygon mapping @ &J| ERP CHHl M& % 2= S8
Pyramid o J|BtO] MHIA

6.2.5.3 VR OICIOH &&
VR OICI0E ¢85 L= SUYS Sol 852 = JA2H &85 OIStLE & VROIC
O 240l et <2 6-9>2 &0 =278t

<H# 6-9> VR 0ICI| &5 SEH

. . Equirectangular On-demand Polygon
Technigues Equirectangular ] i ]
tiled transcoding mapping
Broad ) ) ) .
HESEA Unicast Unicast Unicast Unicast
cast
DASH/ DASH/ DASH/ DASH/
HEAA TS
ISOBMFF ISOBMFF ISOBMFF ISOBMFF
STB/ Any IP ) , ,
Clgtol A& , Any |IP device Any |IP device | Any IP device
TV device

6.2.6 VR 202

6.2.6.1 Degree of audio Immersion

DVB CMOllA= VR 2L22 JIE2Hel RFA
Olsot, QUL AlSIt B2 A0 DEEZNH AEE o0k &Ch= Z0ICH OI0 248t
Cretet MBIAO HE UK AIAES A= 20l CHoll Oteiet &0l Jl=ot) UL

]
o 10

B Fixed position 360 2D panorama:
ZlA 360% Aet2E AFREDF ER0OHH, Ol 9o Jtael AL =83 &0

= M
MBI AMREE #%d Ao+0| Ol SAXI0ILF ZTHE 4 A0l I+ mono, A2
= 7.1 Ao 2 49

B Fixed position 180 3D VR (forward view only):
Z A 360 M2EE AF2EJF 2 R06tH0H, 01 fIol Jtate
XIStCt, AI2E= +=8H &9 L fIXIoU EMHE
HE Met2& AIAED SAGHTHD = 2= UL

4
9 _
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B Fixed position 3D panorama / spherical:
ZA 360 A2HRE AMREDL 2o, PE AI2EZ(Spherical Sound)2l MHE S
oM E &H I8t QLI 22(Scene—based audio)== 28X J|BF @C| 204 E R6}HCE.

B Moveable position 3D VR:
ANMEE2 Hel s2gs =
Cof 2HYD|et QLI LAELCY).

6.2.6.2 VR audio Jl= &4

CM VRS2l Audio Subgroup OlAl= VR QLILE &t Dz 243 JIF 20, ‘audio
and Virtual Reality’'et= 2ME 2016E0 XAGHRULCH Y A= VRO &2 =
[z U2 JI=0l ol =242 SIU2H, =2 WE2 0te2t 2L,

B Use cases and Experiences for VR Audio
QL LEUHAS S ItAl use case0fl CHOH

HMOolE dl¥ =0, ‘The infinite Seat’ 2t
‘Cinematic VR’ OICt. The infinite Seat= 3XI& af

S2HA9 HONME ZHXIIE 2K
g £+ AL, Halo SHAE A0l = A4S 20Iot=0l, 6DoFt FALSH JHE
©=z 2 % UCL Cinematic VR 2f EL A0l SA0IXl= 2ole HEHAM 2E=
E HFote 322 3DoF2 FAGICID & %= UL

B Background on science and technology
VR L2 2HAE st Jl=0 oM ZAE OI2H B =0, a2 QUKE
of 3i+$4 S2tAl EXote QC2 HE, Ac2lel BHtAL, Ol d8Y &=, dEE
Cl E—IE'C'> Hel S8LH 2 202 ™el s0l tst HWss 2+

o MHE 2LUL2A= CHE SEHR 20H DI i

H 20f5t] JA2BH, MPEG-H 3D audio, AC-

o

rion
oY
2
_>r_

J QO

B |mpacting Factors of Audio Quality in VR
VR 2LIL2 quality SEHUA Ot& ZES & = U= =F2 OtLIXIEH, qualityOll
a2 F= T2 RAS0 O J1=6t2 QUCH ‘audio Playback System’, ‘Quality
of HRTF model’, ‘Head Tracking and Motion—-to—sound Latency’, ‘Spatial
Resolution’, ‘Degrees of audio immersion’ S2 2 42 J|=6t) UL

B Existing products and trials

VR QU022 2&otd &M &Moot MS S Ust AIZ0l CHoll XZAe Z1UE
LIEFLHD =4I, Otelel <H 6-10>2 VR 202 & Jl= 2 HMSS UEHH 20|

Ct.
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VR Audio technology/company
Unity 3D audio spatializer SDK
and plugins
Google spatial audio
Fraunhofer Cingo

Samsung VR player
Playstation VR

Oculus audio SDK

Next VR

Two big ears - 3Dception plugin
Visisonics - Realspace 3D audio
plugin

HoloLens

HTC Vive

LG 360 VR
Jaunt VR

Ossic VR

Rapture3D

Compatible Platform

Oculus Rift, Gear VR,
PS4, HoloLens
Google Cardboard,
YouTube 360

LG 360, Gear VR,
Google Cardboard,
Oculus Rift, Unity
Gear VR

PS4

Oculus Rift

Next VR
Unity, Unreal Engine
Unity, Unreal Engine

Microsoft
Steam VR

LG 360
Various cell phones

Unity, Ossic VR

Unity, Native C/C++

B VR Audio Delivery and Interoperability Aspects
VR @LCI29 ME2 DVB2 NGA(Next Generation Audio)llA EOl= HIHLISSE &

& o= WAstD UCH ot (A8 6-15)= NGAZ

Ct.

54

<H 6-10> VR && 202 JI=

Spatial audio
technology
Object

Object, Scene-based

Object, Channel,
Scene-based

Fraunhofer Cingo
Object, Channel,
Scene-based,
Hardware binaural
(HRTF) processing
Object, Channel,
Scene-based
Binaural Array
Object, Scene-based
Object, Channel,
Scene-based
Microsoft Spatial
Sound, HRTF
Object, Scene-based,
Channels
Fraunhofer Cingo
Object (Dolby
Atmos)

Object, Channels,
Scene-based

Game audio engine
for HOA processing

Js210A

Links

unity

google

cingo

gearVR
PlaystationVR

OculusAudio

NextVR
3Dception
Realspace3D

LGVR
JauntVR

OSSIC VR

Rature3D for
VR

dE ZES LEtY 20l
FBMF-TR-001


http://docs.unity3d.com/Manual/AudioSpatializerSDK.html
http://www.fraunhofer-cingo.com/en/wie-es-funktioniert.html
http://www.samsung.com/us/samsungdeveloperconnection/developer-resources/gear-vr/360-video-creation/acquisition/sound.html
http://static1.squarespace.com/static/53fb6c1ce4b0586eb80e5f3a/55133e95e4b0e2d10994cf31/55133ee4e4b0b5adcfd1e047/1427324651993/NHL-nextvr-12.jpg?format=1500w
http://twobigears.com/spatworks/index.html
http://realspace3daudio.com/technology/
http://www.audioblog.iis.fraunhofer.com/cingo-lg-360-vr/
http://investor.dolby.com/releasedetail.cfm?ReleaseID=898670
http://press.ossic.com/3d-audio
http://www.blueripplesound.com/story/rapture3d-for-virtual-reality

Audio Stream Metadata
|

(08 6-15) Next Generation Audio Delivery model

Conclusions and Recommendations for DVB

Jl=E10A

(=
v
o
=
5
o
o
=
o
0
(0}

CM VROl audio subgroupliAle 2&d QLI JI&° 242 S8 221 012 &
St A ALES OfcHet 20| Jls=otd UL
<HE 6-11> UL Iz 24 28 %
VR 2t 22 U2 Jl=0l =MotX g otdle HE Y
VR QU2 2 HESt= I HAHO0IHH, Hd JI=0l DHAED US
VR 2CI22 S&O0 CHst 2=9st OloHIot DX &S &EH0IH, Ot S =&
2 PHEQ S22 Sl A
Ao O BHI|IE QL= VR QURE st =28 224010, NGA
ANAEN Olefst 2201 0101 E=Mat2 US
VR QU229 HEEZ St 22 M8 &2HE QAS2 JIE9 &30 KA

<H 6-12> 2L IME 2%

DVB= VR L2 #AsS HEEH AN, OVB 7 ZZ2MAE HZoHoF &, ¢
Jlle B2 AIZESZ= Atdll, LBHEQI DVB MEHHIS HRAN U= FEst
Hel HO L A2 Jts AMUIADE ZEE0F &
VR OHE2IHO0I&ES E&ole DVB HE AME2 202 ol AN el ==
diegetic, non—diegetic RLILE EotH XMl = U= OE GOIHE Ledot
O:|O|; 3!—
QL2 ZY Ao Z2, DVB= Ambisonics e &=ANE &Ydt= OIE GI0IH
I TIE ZEGHH At 2t XFE AFol= 240 E2 ALY
VBE HIAAIZE 2EHIX ®E AlLI2I22 DASH Dl &0 22 B2E HAE
S AlLel2%t 22 O2st 85 ALU2IRE R HOoE
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« DVB= MPEG, 3GPP2t &2 Lt

il
A
1
IS
(]
1y
Qj
2
4
Y

10
=
0
9'1
rr
by
o
Jb
I
]

6.2.7 VR 0ICIH MHIA =2 0l&
DVB= VR OICIHE d3&E2z LSMEIAN E=3AI2101 fIol DVBIH =&HoloF & <
g2 ANBFECZE =2 S0 UA2BH, VR DICIH M L AHINAIS &2 2AHE EUE
DVB= VR OICIH MHIAE AN 2EHZ SFot] EESHE &EctD UL
<H 6-13> VR 0ICIH MHIA &2 & EES =2 23
== TypeA(Untethered) TypeB(Tethered)
- 3DoF
) - 6DoF
- Container + smart phone )
] - PC or games machine
=8| - Low cost + convenience ) _
) - High cost + less convenience
- Potential 4G broadband ]
] - Future 5G delivery
delivery
‘178 68 : Defines work
“17¢ 128 : Study
scope .
. o . 183 : Prepares CR
=0 173 12& : Prepares CR
N ‘18 18 : Steering Board
2dH * S StudySHH=Z AN =2 LEUH O
approve ) _ o o
‘184 52 : Devel WA= B &3 I EE3 Mt
| O e o AT RTAME e HAE 0
specifications

B sl 2F E£= CHtolA0A VR DICI 2810 JtSoloF &

B VR ZAS 8K 0|&2S NEES H3oior &

B VR 20| 245 ol 2l 2 =l 90fps, =IO 120fps MIZBoH0F &

m VR OICIO NME, 88 el BHEE ?let S8 H= W LS HSoior &
B 0|0 JHEE L= i S Oset VR AtlA SHS=S 2ZolioF &

6.2.7.2 TypeA =2 1NlAIE

OVB= 3DoFAIE AEXA &Y A=rt X AIEN SAlE O&det HMD & AOIEZEO0]
S0l T= TypeAll OHet AHIA AlL2l2 & RFAES S22 HESE M &

O A2LM Type A AHIAE P8t =2 LME2 USH &0

56 FBMF-TR-001



Js210A

<H¥ 6-14> Type A AHIAE S&t =R 1NdAE
= FL UE
Frame rates Maybe 50-90Hz to avoid blurring, flickering
Delivery bit rates May be 10-12Mbit/s
Horizontal FoV Maybe at least 100 degrees
Resolution 10-15 sub pixels per degree

Degree of visual | Fixed forward view, 360-panoramic video, sphercial

immersion video
Degree of audio

) ) 360 surround sound, fixed position 3D/spherical etc
immersion

Head tracking latency | <20ms

6.2.8 DVB _4_._—|—2|- %gﬁ al @%}

CM-VR—(official group)2 Type A E=1} 28 MHIA AlL2I 2 FAF

2L & HoE
20174 12€0Xl Ot=Rel 8 =, 184 12% | Steering Board(SB)2| &2l &2 W&
OICt. Ol0l et =HEOl Jj=d HES AYE 20189 AEHDIE SH2 FHE A2
G &EC Type B EF2 32 2E QA HOE 2o 128K 2= HEOU
SLt CM-VR-SMGUIA &2t& AHCE NHH2eZ Mgy WEOMH == MPEG S Et
JIRe BEF3t MeiAlE & A QFAIEN et XaE Aoz MYUECH,
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6.3 3GPP HEZ&E3t =& dY

p

6.3.1 K

3GPP ZAl 3GPP Ols=¢ 73 otollA2l VR OICIH MHIAE st HEg HEs &
H S0l UCH. ‘3-DoF 360VR over LTE'2t= FHZ, VRE 422 & 228 HIUR
L Q02 Jl=0 et JIs20AN X482 AI&EGIRUCH Y Jls 2E0MeE 201649 48
O &40l AMEEON VR Jl=0 CHet study 2 VR OICIOI MEIA2 3GPP OlsS4 73
2t A5 28 JtsH0l =2 HAEZJLD, 201749 68 JIELZ HAE 1.22] &M (“3GPP
TR 26.918, Virtual Reality (VR) media services over 3GPP")S OF&l AEHOICH. & Jl=

SIUAM0ME VR BIOL & QU2 AMAES 22X, 3GPP 0IsSa 72 JIEtel VR At
A

SEHS AAl O, =22E 0ICI0 SE BIIE ?let dEE S0l ZSEHHULC

6.3.2 RAJl=
3GPPUIA =2 &2 VR HICI2 AIAECl processing chain (0% 6-16)10F &' Ch. ol
g FAXE JIEtez, Ay Jls S50 Ue Ji=d 24 & HE Jisst 24 Jl=s0
et 2401 Ol &/CH
Capture — sphere | PI’D}ECTJOH:—H Par:king ——| Encoding e HAS MBS
Lstitching.] Lo Lot ] encapsulation seryer
(in unicast?
case only) |
y ’ : File/DASH DASH/MBMS
Display Rendering Decoding dicapsulation i
! [ Unicast / Multicast /
Viewport Broadcast Delivery /
position Download

(02 6-16) VR HICIR AIAE! processing chain

B A=2D|8t9] MNE AEIE AIAE: HEZ 0lEZ06t0 Ct==2 Jtilctel focal pointE &
XIAIZ2L AIARIO 2 parallaxIt S0 AEIROl 2HHHGHH A AIZ2E Kelol S0I6tKIeH &
20l FHAYotH =JI| calibration0l HHZ S

B 20| QI XI(depth—-aware) AEIE AIAE: 20| E2E &ESg £ U= JtMet A
Aot Aoz, AIAE0| HlnA Sh=ct 2CI6tH ZJ| calibration0l &Cle &
Ol AXCH, AAIRE XMeloF (810 Sa2t QU B0l 26t oHat=Jt HotE
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NES A

|.

A
o

olgatd &2 It
| AIAEO 2 parallax?t 910 22t LHOIA

B 2tOIE ZE(light field) @l

00

ioll

ol

Ab(projection) 2HA10| =CE U=, HWEXE S22 Equirectangular 24!

cube map A0

fulJ

6-15>2 &2 Al JtXl

<H

ol AUM=

=1
S/

&

VR OICIi <

Ct.

ULCE.

S

6-15> VR OICIOf

<H

= 0l0
(@)
= 30 Ol g4y
e MIEN
Gilll 3] Mom_pl o _._.__LI__o=_
3 |®Bc |y
An8 |==8 |MCx
o1 |_._A||_§o c Elrm__.i
...A.o@“__@_j _Xlo )] il
<ok |oT_ o, | WO
By =3O |0 R
Rys | Wo B0 <JHO
_A._O_ur 0 w o
(O I I~ <0
< = _.A..& JFAA 80
o_.__._ U= ol ol=
5o 5| FpM
R | =M= [T Ol
<0 =X o o0
RIK x=_|_.L =K
BB | 2024 | 5, 8
Jmm doigumo | S0
) S okl eNﬁ_Hojm
5 =4 I 1
Ima%_ |=._._ m :._._ ol
S5 =01 Ul oz
= WINNED | WiKoonss | & 16
W | HUIRIE | B0l
IR | IR<IH] | BRI=
E_ £ E_
o<l S<r o<l
+210 510 =10
n wn
@40 La | oo
2RI SR o)
D = —

0
X0

OH
iof

20

=
=

ol use case

£ Z&ot A

M
S

Jio

3GPP & ot0llMe VR OICIH AHIA s 28 J

Use casell &2, AFEAtS #

H =2 =2H/ACH US

I

ak

<+

0

<0l

=F X OI
= o —

)
oll

-

aJ

o
RO
E

X It

UL,

]
ol
H

<

-

10

AIZE AECIY VR OICIO AHIA

A
=

gt

B Unicast DASH J|

A

B MBMS(Multimedia Broadcast Multicast Services) JI8F VR OICI0I MZ=H Al

A

JHelsd VR AlHI

OFY} Sk
S oS

HOll A1 2

(=]
o

B Social VR, &J1cl stgit &2 3GPP OlsSA

|2 01t

s

o
a2,

5t9|
=iihed

LA

H

X0l Etgottty =2

=
—

ok
(c

2
o1 0l

M =ICH XIS A

F

(=
=

60~90FPSE S 11

Hets0l

|4 &

H
100
I+

Uk
ny

delJt

=
20
&0

)

I.

b1

1o

Xl

3

nO

ol

ol

X
01

O, AFEX

33

s}

6.3.4 2LI2 AlAHE

VR QU2 AIAES OteHet (O 6-17)2t 20l E25t, VR QUKE <

—
—

3GPP Ul A

Z22(work flow),

E=s
=

FBMF-TR-001

59



Js210A

(/ Captured / Rendered \)
\\ Auditory Scene \\ Auditory Scene /

A

Production Rendering

Audio Capture System (1)

v

Content Production
Workflow (2)

Audio Rendering System (6)

v

Audio Production Format ‘\" Audio Storage Format ‘\" Audio Distribution ‘\"
(3) \ (4) \ Format (5) \

(0% 6-17) VR QL2 AIAES 24

6.3.4.1 QL2 &S AIAE
g8 Jlg QURLE I UL &S AAE, MHE Jlgt QULLE flst
A8, AH Vgt QULE ?e QUL &S AAE0 ol &JHE ot) =0, =201

Ol#Jt &1 U= HH J|E QURE st &= AAE0 CHoH Otelet 22 LDAES

MIAIGELD RULE.

B Signal to Noise ratio (SNR) : Q0|2 &N ZEE X LS &S AA= AFAZY
SULS LoiEol et QUL ™ AIAEE2 =8 & Wgese HAES| JHXAH M
M Sle oA g > SlEE S0 E2 &2 ER0HE JHNOHE

B Acoustic Overload Point (AOP) : QU2 ZH AIAHCS HIMHYE S&H2 AlAZS Y
of &0l et RO EHO R L 2AMJU= A AHOAN CHe HEE TIcH| <
of 0FOIA9 S& st 80l &6 =00k

B 010|132 FOx S : 0013 dEtNoz QU2 FIi4 HANA TES =0
SE2 JIHOoFE

B 2=(Wind) L0l 92X @ & L0lXxEs HIEE UL S&HES FLGIH AAZS
ol = US

B 010132 R4 2tA, F3t, 015 € XEd 2X @ 0lgfg S22 23822 HH J|gt
QU MMl Z2F HEEE aFaf AIIALE HotAlZ

B D] Al2H(Latency) @ 2EsF SAI0| 28 L, I A2 XNHAEA g &

4 92 HE2 LOloHE

6.3.4.2 ZEH=x MH /A3 =22
8 olgt 202, HE Jlgt 202, 2 Jlgt 202

S

-

5]

Ax 93 222

iy

Of CHoll &~JHE ot U, =22 A 25 2 2 dES fet V2582 20
2 M 23 E22E otefiel (O 6-18)2t 201 AJHGHLD UL
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Live/UGC
Camera,
array and Scene-based ™
sound field Microphone audio Packaging/ —_—) Decoding and
microphone Processing Channels | Enceding Rendering
signals J {
Scene-based au'io. annels
Past production * Sensor
Production data
i format
S‘,’ﬁ:ﬂ'“’ —_ Digital Audio
: Workstation
Foley, i : )
Effects with Plugins Scene-based audio
Channel-based audio

DObjects- based audio
+ Metadata

(08 6-18) VR L2 JI2 |3 E=2<

o

rr
Hl

<H 6-16>2 VR QU2E H&EY = U

o

LEEFEHCE.

<H 6-16> 202 HZ= %

Signal type Examples

Channel-based audio

Mixes or mic array recordings for a specific
loudspeaker layout

e.g. Stereo, 5.1, 7.1+4

Object—based audio

Audio elements with positional metadata
Rendered to target speaker layout or
headphones

Scene—-based audio

B-Format (First—order Ambisonics)
Higher—Order Ambisonics (HOA)

e.g. Full Mix, Music

e.g. Dialogues, Helicopter

e.g. Crowd in Sports,
Ambience

6.3.4.3 QL2 BHE AIAE
@, HH I8 QUL dHE AAE0 CHoHA 2K
o220l dlEZ SFNAM2 EFHE A HIOILE &

ot ULCH, 202

=2 11
g0l 2ottty AJHotl U
gt

(x
[T
>
Ho
5 I
N 0
10
s
e
H
O
0)

2 A
rQ
M

oo

x
rr
o

Qo>
QL =
&
1o
&

Mg 228 0
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VR AEC|Y Z=20tL(profile) H2: VR AEZ|Y MHIA 23 SXAOAS o=
J| f18t T2 EZ2(protocol) E 2O
QUL S& g4It Iz do: 298 QUL ANAHo XX FHEIIE st LY

N

VR @O ZE AHLC £=": J|IE&2 3GPP QUL DEQ HEgH=E 2A45+1] VR A
SXHI A = A2 QoE(Quality of Experience)E HMZ0l)| |8 QLI RE P At
& &9

QoE Metric AEHC|

AL
o
Sol 22 ZF60l BIE VRS BE BIIS 9IS AR [OIH TY HO

-

o

3 MetricOl 2t 2210/ E =9| CIHI0lA AS, WEYI A
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6.4 IEEE EZ3 S&

He

eSpel

6.4.1 K

IEEE P3079= 2016E 12& 122 |IEEE-SAS = At HEJIRZ2 X
Jl0fli= IEEE P3333 (3D Human Factor) WG2l S 333.322 HIotE A
Ct. Lk, IEEE 33331t 8IS WGz &ddol= Az &Y I 550 2017
A 9& 28 |EEE 3079 WG 2 ZEYHO0| otH UL,

IEEE 3079 WG2 &4 HEE ‘HMD based 3D Content Motion Sickness Reducing
Technology’ 0l04, PAR(Project Authorization Request)= |EEE P30792 WGS2l H= 1
ZCF.

o
[0
Hu
=

a
m
W
>d

[
7
=
@)
e J
r_n
m
m
w =

e ot 4= QUS<0l HMD(Head Mounted Display)2 JIBtO =2 & JtAs Al 2
BIXO MHXIHSZSES =£0/J] ¥et JIss g3 Heold E=3E KNelsle s S22

£ HMDE AIE0l0 Hite Ze IJtged 2H =2 HXelss Mas
st Jl=S H=2 a2 10 UALH, 2E Jl=0l HLots ot=A0 et AT ERO
£ 25 ZFEH

IEEE 3079= 6JH2l TG(Task Group)dt 1JH2Sl TP(Technical Plenary)2 O0I&
2+210| TG JIs=Eo2 M2 20 /A2, 2 20k9 JIs==0] & =
Aoz, Z22HMOZ = Human Factor0l JQHA JHE 2 AQ St

o

}
SHS Jlz HEES MYE = JAESE TPOUA 2/Zot=s SEHOICH

IEEE 3079 TP (Technical Plenary)

nr <

4“ Analysis of Human Factors (Medical Research included)
m S/W & Content (Best Practice Guide)
w MNetwork (Wired & Wireless Latency, Handowver)

QSR  Display (OLED. LCD. Display Board)

e | Sensors (Latency, Accuracy)

7% Lens (Materials. Refraction Ratic)

(0% 6-19) IEEE 3079 J|# ==&
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6.42 S 2%

IEEE 3079= IEEE 3333.32 ZEHCOZ 20178 43 242 R H 27LNHAl R2lUet A2
HA H 22E JizlctATH 0= 780l 0I=2 =20A, 1030l =2 SZ0UA
22 2[20F JHRIEIRUCH HEE 22= Y 13, 48, 78, 1020l Jizlote XS 22
2 ot RUCH =R2llet 2SS L2E HESS RActH SUUHA A2 2 398
ot UCH =J| feluetel d2dSgsIIs2EE S22 =50 2o 48
SO =20, LelLietel JI2=01 JtE 226t gsotd UM, Sol DA,
MZUstw, BI0sn S st J|2=2 2501 F=X1] RUCH |EEE 30792 &2
Oculus?l == ELEXM0IJIE & @F2dIACINO0IEIE AS J UALM, HTC,

Panasonic, Toshiba, Sensus Global S92 AL HMIDF &N = )
£5l, WERA =20tHAM= IEEE 8022 Liaison0l MZ Z/1D, Web =20t= W3C
Graphics 20kl Al= Khronos Group, VR 20k= IEEE 2048 £} Liaison0|l =9 &1
QLCH.

<H 6-17> IEEE 3079 WG 20189 % 3|9 €H

=\, PN

18 292 ~ 2& 1¢ Chstol= TTA
48 232 ~ 498 262 | 2=, &3, (Panasonic =29 =)

10662 Los Vaqueros Circle, Los Alamitos, California

78 16€ ~ 78 19¢ ,
90720 (IEEE-SA Office), LA, USA

1 Fusionopolis Walk #04-07 South Tower, Solaris,

108 8¢ ~ 10& 11¢4 ) ] ]
|[EEE-SA Office, Singapore, Singapore

6.43 &= MY
IEEE 3079= P30799 HEZFS MZESH RAGHH (O 6-20)0 &0l 20214 18 MABS
SHZ HEg FA 2HS 2500
Olelgt 2ES |HZ, 4 IEEE P30798 <8t 80 2D 20188 = &8I0 25
e € Hez E0AH, 20188 X ofBH[li= 2 TGE H&E =¢US0l 2= S0
4 A2 (lat=Ch
Open Sponsor Ballot Invitation
Mandatory Editorial Coordination submission
|
wg 2 : WG Meeting to address comments
letter Ballot | i Ballot Resalution Telecon 1

| | |

| | sent comments to the WG

| | | | .

WG 1= : :Start Sponsor I St%r‘r Recirculation Stefrt Reﬂrcma-t,%m RevCom comment review
st
e : l e : : il ' 2n Ba"“sdbmlt to RevCom SASE Approval Publishing
z ¥ & i i ¥ x z ' ¥ ¥ 3 i B @
|| | | | | || L ] L] N | | | | | T L] L] ]
06/2019 09/2019 /2019 I p1s2020 : 03/2020 | 05/2020 0772020 : 08/2020 01/2021

I |
l | |
10/2019 12/2019 02/2020 04/2020 06/2020 08/2020

(02 6-20) IEEE P3079 E=3 =X 2F
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2 AIALE
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[1]
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(4]
[5]
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[6] SI=EEH XS, “IIASHA(VR) & HE Il & Atell”, 2017.03
[7] https://webvr.info/

[8] https://webvr.rocks/

[9] https://www.w3.0rg/2016/06/vr—workshop/

tatsal(VR)E S # S8&7 2016. 09
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2&, “2U2 AR, VR &Y & L AIAE,” 2017. 04. 03
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[2] ISO/IEC JCT1/SC29/WG11/N17285, “MPEG-I Visual activities on 6DoF and
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[3] ISO/IEC JCT1/SC29/WG11/N17197, “Algorithm description of projection format
conversion and video quality metrics in 360Lib Version 5”. MPEG 120, Oct.
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[4] ISO/IEC JCT1/SC29/WG11/N17074, “Requirements for a Future Video Coding
Standard v5”, MPEG 120, Oct. 2017
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[10] ISO/IEC JTC1/SC29/WG11, “Working Draft 1.0 of TR: Technical Report on
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[6.2 DVB E=3l S8 ¥ Y]

[1] Report of the DVB CM Study Mission on Virtual Reality(CM1697), Nov. 2016

[2] Executive Summary DVB Study Mission on Virtual Reality(CM1706), Oct. 2016

[3] DVB, “Virtual Certain?, A report on DVB and VR,” ITU workshop, Jan. 2017

[4] Report of DVB-CM-VR-SMG, “Virtual Reality—Prospects over DVB Delivery,”
June 2017

[5] DVB, CM-VR0052, “ToR for the CM-VR group, Delivery of VR contents over
DVB services,” June 2017

[6] DVB, CM-VR0039, Report of CM-VR-SMG v22, ‘Virtual Reality — Prospects for
DVB Delivery’, Nov., 2016

[6.3 3GPP E=3l =& 2 MA]
[1] 3GPP TR 26.198, Virtual Reality (VR) Media Services over 3GPP, Jan. 2017
[2] www.3gpp.org/DynaReport/26918.htm

[6.4 |IEEE B3} S8 L Mo]

[1] http://sites.ieee.org/sagroups—3079/
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