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Preface

1 Purpose

The main purpose of this technical report (TR) is to summarize the major
industry and standardization activity regarding immersive media like 360-degree
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 360 video service standard.

2 Summary

Chapter 5 covers immersive media technologies; section 5.1 and 5.2 analyzes VR
content capture/production/rendering technology in terms of related equipments
and terminal devices. Section 5.3 analyzes VR service platform and service cases.

Chapter 6 is about immersive media standardization trend; section 6.1 summarizes
360-degree video standardization activity in MPEG, more specifically, MPEG-I and
JVET. Section 6.2 summarizes VR media standardization activity in DVB CM_VR
group. Section 6.3 and 6.4 summarizes VR related standardization activity in 3GPP
and |EEE.

3 Relationship to Reference Standards
N/A
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(A Trend of Immersive Media Technology and
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ISO/IEC 23008-2:2015 High efficiency coding and media delivery in
Part 3: 3D Audio, 2015.

heterogeneous environments—Part 2 High efficiency video coding, 2015.
2014.

[2] [3DAudio] ISO/IEC 23008-3:2015, High efficiency coding and media deliver in

heterogeneous environments),
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HMD(Head mounted Display)

3 & VR
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3GPP

A XS Helol H=st CIAZ2d0] #XE Sall gas B
MNE N Mot "I =& AlZFdIolE sl =2 AIS
A2 st = EHI.
3rd Generation Partnership Project

ACP
AhG
AOP
AR
AVC
CD
CE
CfE
CfP
CM
CMP
CR
DASH
OIS
DoF
DTS
OvB
EAC
EAP
ERP
EST
FDIS
FoV
FPS
HDR
HEVC
HMD
HOA
IF
IPTV
ISOBMFF
ISP
TU
JVET
LTE
MBMS
MCTS
MMT
MPD

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
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MPEG
MR
MTP
NGA
OHP
OMAF
PAR
PC
QoE
Rol
RSP
SDK
SDR
SEI
SHVC
SMG
SNR
SNS
SSP
STB
SVoD
TG
™
TP
ToR
TR
TS
TSP
TTA
UHDTV
VCEG
VOD
VR
W3C
WD
WG

Moving Picture Experts Group
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
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(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
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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 AL KTE MAEZ=Z IPTVOHA TV 22222 =2 += A= VR AHIAQ "Zdl tv
360% GIGA VR'AHIAE HZBotl UM, VREH=E 222 &otxe & 2 Al
OF2 HE, &, SAE ofdHAN 24 = UL 00 Z SHOIHVR AMHIACI "TVE'S
MHIA ot ASH, of0IH VRE2 0IEAE e 522 S0Jte Jte 29 Jls2 =
OtH, JtaSA2Ct SZEAN JtZCh 0 MHIANE A2 M F=&2)|=, =5 A
HE TV =2 HILI2(VOD)2 &4dt= AAlZ &4 D&, VOD 24 S tids §9
stoll HHEIR F==ct= A2t A20HI| Jlz= S0 HELJACH SKEZEHE= IPTVO
N 2etRE Jl=2 Sl VR 2E=E £2Z += U= 'Btv 360VR NMHIAE A, 2=
C =S 286t ds0l 2AHQI0l €22 EME 8K =UoHlaE VR MEIANE TS
0l Jts€ Z0lcte 820l RUCH

—_ ’\
She) UR"‘{"'
chiley o2
L J TV 1_-‘_.;,

L T -j_!m.. - ‘
3 w—— 5] : N . o

=T, sEEREREREEERG
]

(08 5-28) IPTVE EHE2=2

5.3.2 360% VR &&= XI&dt= SNS

360 VR SYA0| BHS HHAM 018 & = 2UY oz BKRE 4+ U= SNS M
HiA £t sHULD U= F=AHI0ICH YouTube, Facebook, WIOIH S CH2Fst SNS XIS
0l 360 VR SZ4& 5% MHIAE X5t UL

E8 YouTube= 0L D U[UE = Daydream

IDIME 360% VR sSI4as 248 =+
View, Google Cardboard, PlayStation VR S Ct&st SHSUH M2 HE2AH0IES IHE
ot 360= VR =& M= K& &tlh.
Facebook2 7L & 360 VR sS4 A2t AEZY & = UAEE JI0360,
Insta360, AlLLie Camera S CI&t 360 JtOI2H 210122 S&2 K&, &AL A

2 NHIAE MSotd UL

@)
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P pl o) 0047326

(O 5-29) SNS VRS 4 EdI0/0 (&%) YouTube, (2E2) Facebook

5.3.3 &5, DICIN=E0F VR AHIA

2S5, DICIHE0AE CHeket VR AMBIAE ot AU Z2EZ20H0AS VR 2= At
A= 51482 FJoI== 8l OICI0 =0k 32 =Ue RE HEAMS0] 1~2¢@ &
FH & OS50 VR MEcl&2 HYoHH BE ZH=E s=dJt= FAHO0ICH "&0tUA=E
&S FMotD el s w24 292 IJIXE 1DedotH VRE2 It S8 ez &S
g = AJ| W20 2 MIAULHCSZE= HBGHI RI}UE LS RII2 HREEY
FA MAASO VRE & A Olets 2% 20l Lt UCH

f47) US| B2 BOD BRY  CIEOTTE 19 (Y 58 BT
o BUMBUE=2HTOSY U INENEEY

360 VR 38 30%

< P »l o) oz

% 360" SN A0l L O HErS AL TH

AR e s VR Chosun] "§-¢5 1 R4 LEZHAITH TS XHE 84
S B4 FE0] 5 Mol rosm e
HE VR 22 17 528 350 VR 22 16% 8 039:_- sl BET3]
SBS <HICI2M 1> VR 360 w4 HOIX YL KVREHE> VRRA 8/ KFE
ABC News VR
| E = e

[360= VR ] 0| 2 0| F &M, 2| F= FAl HolF A8,

Z=3| <4 2903
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SEHI> VR l-’MI SIEE /

10
alll

Videos and Virtual Reality

Northern Entrance

WORLD | 254 POWERED BY
Nimrud’s Riches

AMDZ1

Enter North Korea

Pyongyang, North Korea

APS 4l <AP360> 2 HIOIX|

CNN NEWS <VR CNN> & H Ol Xl

RECENT EPISODES IN THE DAILY 360

52 Pl;a;es to Go: Busan
Fish Market

Li(ge onr Mars: The Crew

Answers Your Questions

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

USATODAY
VR STORIES

July Fireworks

Pr;)—China and Pro-

Democracy Rallies on a

Service Agent

C:;rsten Holler’s Playful
Art

Hong Kong Anniversary

FSEY X <NYT VR> & HIOIXI

=U HAEAS 22 SBS= ‘HICIRHI & 2

FAS M36t, S =AY, AHHCIH S
grAs 'SSEIH YouTube & 2EH = XHES 0I180HK uAAIEI&‘E:,', FAEEE NS
ot, ZELEST 0|2 FAGHA 'VREH" 2HtY W YouTubeE Soft =A8E L 0l
MY VR o= M3otl] QUL

o2l HEEAS] B2 ABC News= VR 8& HIOIXE 2EotEA Cheet VR ZH=E A
HIA ot ALMH, O 5 Al2lor A S& AME SHOUOED| &= HMEaE 38 A
LS ZFge g400 =0 €. 1O 2 BBC, CNN, mSEIZX, AP S&I, USA
TODAY S o2l =2 AEAIS0l VR & HOIXt B= Sofl et =4 Ot0lg8=
ANEXS0l &Hz | 8= =gt 88 S5 360 VR S8a2=2 MSotl UL

5.3.4 VR MHIA Ols% Ate

DEs VR olEA L 360 VR sZ4& 230l Jtsst Jtiletdl S&Eol JtaEs 20
2 JIHE ZH ot UKL Al JIthet AHIAe =2 Xt LAE D UCH S A
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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
E=2 AMEOIUOH, 2 EE=S0AE M22 0100 AMHIAZ IEE D JAEsE VR/AR
MEIAN 2822 4+ Us S2YE QUL/HICI20 et HT3E = SHZ &0 QUL
2 Z0Mez 012 23&E MPEG-I, OMAF, Video, Audiolfl Uit E& Jl= st &
A0l CHoll 22t M=3GtRULCt.

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) &
S[ES st S8 0100 MME 12 Az 8.

—

N

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
2H:360VR 4 HE/HE - Technical report containing architectures and nomenclature for immersive media

2: Phase 1a (172

Phase 1.b (1992 Part 2 : Omnidirectional MediA Format (OMAF)

- Media file format for omnidirectional media & immersive media
Phase 1.b+= 3DoF+ X| &l

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

=H: 6DoF 360VR

SE T

Part 4 : Immersive Audio
QH: Phase 2 (2021H%) - 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 A2 Phase2t 8 o Part2 HZO U, 2 Part OCH A
HZECZ A5 UCH Phase 10lA= 360 VR Fa& AlE AlLIZIRE =2
ot Phase 2= 65 AMRTE JHE = U= 6DoF VR ST ELSS

CAl & HAHIZ US0O, 3DoF XIZES 98 Phasse 1a%, MstE 32t &9l LHHA 65
s X0l JtsotH, 6DoF2 Z&ot)| fI8t =28 &HHlRl 3DoF+E Phase 1b&2 &
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B Part 1: Immersive Media Architectures

MPEG-I Part 12 MPEG-I FAIE0l R«4E 22 0ICIHSY =2 AIE AlLi2l %
OIS E E2IotH MPEG-I12l &AMl OIIEIHE E@éké Jlz BONZ R4ECLCH DI
= BOMU= £8 MPEG-12 PartOilA AtEE
20t & UCH

H_r
i
u_
[=)
[wl
=}
to
[
M
rn
1
=0}
0f0
=}
|0

B Part 2: Omnidirectional MediA Format (OMAF)

MPEG-| Part 2 XEQ2! OMAF= MPEG-I12l AIAE HZE 7A0I0 22d 0ICIHE Sst
ISO Base Media File Format (ISOBMFF)2| && 0|CI{ Ot ES RA0[ICH OMAF H
& 12 Mg 3605 HIOR2 ME X M52 SHZ ot 20179 HEEHIH 22 & U
Ch. &M & S0 A 2 HESUAE 360 BICI22 =4 A&, ABEHKY EH QH
diol XIS /s HAE 19 JIs && L 3DoF+ 0ICI0 2et0] =2/% 10 QUL

Ir

W Part 3: Immersive Video
MPEG-I Part 3= MPEG-I 2&& 0ICIH ABIA0
£ <loil HEVC (High Efficiency Video Coding) =
Team (JVET)2 2450, &M X & 25 D
(Versatile Video Coding) EE3IE Xt D UCH

=8t U0 #Z22 &2lsttt. 0l
Z= O0lZ = Joint Video Exploration
=£ Qs I 2Y E=F0 WC

A

B Part 4: Immersive Audio
MPEG-1 Part 4= S8 QLLLE e A= HSEHCE 0]
el | 28 E8 20 ¢4 ¢

—

[Pt

TS

10
ol
I

?
=]

B Part 5: Video—based Point Cloud Compression

MPEG-I| Part b= &= =¥ 9*E“XE 28ot)| flet HA J=2 ML= EUE 2
StREE HEVC €9 JI& HILIL Jlttez 2=6t)| s E== HOsH(C}t. EQIE 2
cIRE=E g4t | ME S= B 22HM0 HEE He= dEE I 3XE g4 24
StHOZ M XtJ| 6DoF ¥ Mixture VRE JtsdotAH dtJ| fI8 Dl 2 UL

B Part 6: Immersive Media Metrics

MPEG-I Part 60l =22 & OICI MEHH MEHY HE AI=ZA HEQ S22 &35 6f

U gotg £+ UAs 0100 HESH 501 ZSE0 UL

B Part 7: Immersive Media Metadata
MPEG-| Part 72 MPEG-I2| CtE PartOll MEH & HEH CIOIHE &Zote A3
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OEOICt.

B Part 8: Interfaces for Network Media Processing
MPEG-I Part 80iMd=E =2& O0ICIHS UERZ A== st LHHOIAZE HOlstL
£05| 6DoF 2H=2| =2 HOIHgES 222 o= =288 00N MBIAZE fol 22t
C ot 2yt S22ty s&s Hats U Helg = AESE UIERA CIHHIOIAE
Sk

=
oI5t &3 HIO0IH 24 & 2ol HHEHCI et &&= JtsotAl st

A

r

02 40

B Part 9: Geometry—based Point Cloud Compression
MPEG-I Part 9= MPEG-I Part 502 st EOE ZREE 3K NLHEZ

el M2 -2 &g=ot)| fst E== F 28t

& XHECH Phase 1a 27 AtgE 360 MEak HICLE
= BtH Phase 1b ¥ Phase 2 @7 AIEES 22t 3DofF+
3 X&ote Jl=2 |SHZ St Phase 1a E&Es=
= &AL, Phase 1 9| H S0I0d, Phase 2= AtE AL E QT A

b =
& =0 0|1, PCC S Y¥ JI=0 U8t =20 MED UCH

= SH ¢ & 22 AA
Phase 1a OMAF v1 (360% VR) 178 & (2&42)
OMAF v2 (3DoF+), Immersive Video — 3DoF+
Phase 1b N - 208 =
Jl= =9 =
6DoF AFE AlLIZI2 & RFAIE =29 =
Phase 2 < o1 o
PCC S 28 J|l= =9 =

o =

6.1.1.3 &= &g & 2
MPEG-I0IA &E2lot= ALE AlLt2I2= Ofell 80 &0| et =8 &&= ELestlh.
3DoF2l 360= M&e HICIL, 3DoF+ & HICIRE AIAH2=Z, UIOIHOIE0l
Z18l=, Social VR ¥ 6DoF AHIAZE <5
=

=~
g DICIOON CHEr &FEH BE=01 2 20l

0o
10

|0

=
kel
[
fol
A
>
02
U
by
o
=2
<
)
m
¢
m_
>
x
a

6.1.2 OMAF

OMAF= Mggf OICI0 MEXE% HEE=22, 201549 H
Ol 3DoF XNI&Z <8t OMAF version 1 HE&=3t2 OtR2IotA ], &M Ver.1.02 JIs=
& % 3DoF+ OICI XI&S <8t OMAF Ver.2.0 B3 &Hg XD UL OMAF
= AES 2370 et SEols SUE 00 MEBIA JIs2 E=0 E0otD, Chst
HE2IAHOE MBIA AlLt2le K&, 8Ys 0ICIof Z2A s &

I
= 20
S o7 =29

0z
ol
o
0x
Ol
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3DoF 3DoF+ Omni-directional 6DoF Windowed 6DoF 6DoF

Phase 1a e Phaselb ¢ Phase2 o Phase? o Phase2

Omnidirectional video

o) ¢ Omnidirectional ¢+ Constrained ¢ Constrained e Full rotational and
with stereo

video with binocular translational rotational translational
vision and full movements along all movements around movements

motion parallax axes XandY axes, and
translational
1 movements along Z
) axis

OMAF ‘
Phase 1b Req.

6DoF

(08 6-2) MPEG-| =22 S F2

& O0ICIH MHIA D=2l 2ol Chet M2 MAlotLD UL

OMAF HE&3&t= Oculus Rift, &4 Gear VR 2 HMDIt &3t &I AIE}HE 20154
108, 29142 HMUBIOIM Z8 115X MPEG 3I2IUA AIZSZIUCH Al 0101 AIEN A
95k OICI MBIA & CIHIOIADE B32E 0 AAI| 20 0l=2 /st =

Hol& ZoH HAEZS /S MPEG-A MAF (Media Application Format)2l £
OMAFE H&ESIote 222 HUWAIE2 2/A0l Z20t& L 0l 3 DoF I8+
Cl HE 2 &85 #7230 s IPAEDL Jls+23 ZHE /s =250 2 “&*92
OIH/ ], 2016E 108 == FSF0HAM JHEIE 116X MPEG 3l2/0lMd= 3DoF DI
HE, 885 73 HEZCH0| OtLiet, 6 DoFE =28 OICIHE 98t Systems, Visual,
Audio, GraphicsE ZZol= MPEG-I Z& MEL FEIIE AHE0| =&=EZACH. MPEG-I
= &M OMAF2l 3 DoFE AIE2=Z, 3 DoF+, Omnidirectional 6 DoF, Windowed 6
DoF, 6 DoF% &0l AFZXIF g = Us AIAE U750 et JHES ME3totH
202143 X9l HEESH HHS AHEStD UCH
OMAF= 0l MPEG-IS 2= 2 OlsotA ZA}D, 20173 LK OMAF version
1 MES S8t 3 DoF E&ESH 252t MPEG-I2] HEON et EE3 &Y 52
=04, 20173 120 Committee Draft (CD), 420 DIS (Draft International Standard),
72 0l= Study of DISE 225U 2H, 108 OIt2UA JHEIE 120X MPEG 320l A
FDIS (Final Draft International Standard)Jt Z2t&22 M version 1 EESIE 0+R2I56h
UCH ST 3DoF+0ICINH K& L S2=Al&E 360 BICIL, LU0, AEEHH EH 5 &

I Jls2 EESts B 2 HESS 20204 = 22S RE2 MHMED A0k

FII' m

l,_

6.1.2.1 EZ Jl= MNe
OMAF= XetsF DICIH MHIAS st M& Zo E=0=2, J|E2 2D (2-dimensional)
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OICIH Melg flgt &5, &5, M&E, d&S RS AJI=SS JIEe2 AT A}
Ct. &, d&sr OI0IXl, HICIR HM2E fst ME22 ZZ2A4 SHAHSI 60 2Rt
HEtHOIEHHEES Jl= "2 Zgetlt. U3 g2 OMAF ZH=°o S&HSEZ2
end-to—end Z2&0HA 201D JUA2H, 0lHS & S0 GU32 Il QASES X
[Eg=1{0
¥ X nrm——— Ba ; = |
*  Acquisition |— 'I Audio encoding g
Imagestitching, | o—————mpo | —
ro!atign. projecr:ﬁ:n. —"I Video encoding |E " File/segment | Fs
' and region-wise 0 || encapsulation
7 packing —']I Image encoding ;—-EJ %
Metadata
= ¥
E Delivery |
OMAF player .% \_,_‘7 !
T At = : 2 f
eaimnones [ Astorndeing [<={ Avsodecodty ke,
Maladala 4
: ; ; Ev " Filelsegment |, F
S r ]. Video decoding 4= | decapsulation - H
Display 'ri-—-— Image rendering i I:
: i :
i Image decoding | : :
b | eadleye |
Orientation/viewport metadata tracking | Crientation/
viewport metadata
(08 6-3) OMAF 2H= S& S2&
B A E|2(stitching), = 2= & (projection)

Mes DIC0e QU2 dA2t JH2E2RH ESEt getdoz Mus H|02, 0
OlXl= Ol CHe Sthet=22RH &S0, &S 0I0INE otz HAZote AEIE
(stitching), 3D =2tatel & etaf O|0IXIE HoH&l OOl ARUE TX0 FZo

A& (projection) B2 HXIH ESCH CrYst T2dE TOHS0| HP/INEED A2,
OMAF= ST AN BEESZ AIES%= Equi-Rectangular Projection (ERP), Cube
Map Projection (CMP)2 XI&5t1D UCH O3 OS2 22 ERP, CMPOIANS =2
& YgUygE B0 UL

FIF

.I

(0Q& 6-4) Equi—Rectangular Projection (ERP)
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(2 6-5) Cube Map Projection (CMP)

B 2/&2A0IX THA (region—wise packing)
T2MAMO| HAYSQl T2HME|IE T (projected picture)= SHEHEOZ
(region—-wise packing) &S HZE £ UCH 0] HEUAMN Z2HEIS

U

= LXE 4ot
£ 92 ?AX, 30 € e HEANZE = JALH, A &5 a8 =0/HL,
Sd [REE (viewport)0il HEdt= S dHa CHE S0l dloll =X XMelg22
= =
[==)

0l
A AFZX AIE DI Z2AA0 Al2E £ QU
(packed picture)S MM SHC.

Image stitching, rotation, projection, and region-wise packing

itchi C i i D
B. Stitching, ; Region-wise -
Inputimages ——»| rotation (optional), — P:)?éfg::d packing N pi?gr;i) —_ I";‘:%sg’ifgo
and projection (optional)

(08 6-6) cl®A0IX M (region-wise packing)

B =EAH HE (coordinate conversion)

OMAF= AEIE, TZHMA 2|MA0|E THRW Z& HEDZH MAH BHUH UM, X
2 Z2t9l 3 M (rotation) L2t Metst 2EIXO| AIOFHPI (coverage)S AlIOQEE &
4 QU= HIEHHIOIEHE HMIZ8tCh. 0leigt BIEIHIOIE S olEat, SAE (center point)

=
oOt= 58 SA, 360 0/8t9 HICIQ Z=EI=x X
J

>

X OlsS S& o= # S et Zl=
SEH SHEE 2= dYE 0ICIH HELIAHOIE MEIADE JtsdtES= ot UCH
Global coordinate axes Local coordinate axes
——————— i Bttt ettty T T
1 1 ! 1
1 1 ! 1
1 - L3 1 2 8
1 1 ! 1
_______ [N [ U N [y U U p— 1
a) b) c) 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) BE(Packed)T ™M MHS T ZZAMA S
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W 14 0t0| (fisheye) HICI2

O#0t0] HICIRE 24A EYst AR L ZeMA WS HXIK 210 T40t0] =
£ Eol % MZd O0I0IXl (circlular image)ES Z X0l 2& BHXlots 2A0|CH &
85t HICL 2SS fol 2 & M = 1 0lA2 Tm4{otol =2t WM=Z21 0l0IXIJt
MNEEICH AN HHE ERP, CMP2= <22l HICIQ29 o1RY Mol AEz/Z2HAH 2
Sl MQA0IX THY HES HAXIX Z2M, MEe2l O0I0IXIS0l AHEXE ClgtolAo &E
3D AEE 2 Y D= LAO0ICH OMAF= 01248k m#0t0l HICI2el AER «
ddd XIS 9st 1400l BICIL Iet0lEel=S M S8tit.

W EfYC HIEHHIOIE (timed-metadata)

OMAF= OICIH OIOIEHS Tz AlalDt 2AE OlEtdIolE &2t orLlet, & o Z2I3H 0l
& MHIAUAS AFEX ZE SAS 2 EFYE HEHHI0IE (timed-metadata)E M3
D UCH =II A& (viewing orientation), =& R IZE (recommend viewport) 2t 20l
8t&F OICIHSl THA A2t SE0 et Hatole AME, FEZE 28 HO0IeHSS M35t
ULCE.

oo

B AIEX AIEDIEE T2 HA (viewport dependent processing)
Metst HIOIQo A= S0 UOA L2 2as 2D £ 5HLES
Al ( ;

A& DlEt T2 4 viewport dependent processing)0ICt. &gts
X

EXE g4 FA OO LR HYSE FEELS AFGD USSR, REE
MGt Y220l WAS, HHYZE So NS IEE0 AIBEION, T2AM 582
Sa A £ U2 2H0ICH

= : : ——
le:-l T
ANMC or HEVC bitstream s %
[ e
g z
= 1 1 e |1
B 9
%“—'—-—- i sub-picture tracks 2
56|78 ' R 8 8 8 \ o
s el
HEVG bitstream with = . . e \"“x ‘é% 5
motion-consirained tile sets Slice data exiracted frpm sub-piclure tracks R‘“h Fow
: - H o 25 8
E L 6 VT
4 3 g V1 |@gd
m Tao
7 ¥ -

(08 6-8) & HIEAEZW MCTSE 0/E8t ArEX AIE Jl8t Z2AAQ o
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Im
U
kJ
fol

2t StCt.

kJ
A
10
o
O
10

ol 2

4

o]

22 P4GtD, DA HICIE MCTSZ & SHA =
AMEXS FEZEN et oY MCTSEH &5, =SSt AFE XA AIEN &42t2101 &4
M3 e MR HIO2E AFEX Al 0IS &M |SEE O0l0IXIOF AFE XA 20
KI2IDERIQl K AIZE (Motion—to—photon latency)0ll AFEXHIA HMEE = U0, AIEX
48 ASIE xAG & 5 UL
B DASHE S8t dY%& 000 &8

DASH AhG (Add-hoc Group) OlA= IP/TCP EZ0IM ASX AIEDIB &/
MNSN MEE 0ICH MHBIAE M35t {18 DASH-VR EZESIE +=3otRUCEH Oteh
20 SAIE Bt 20], DASHE S8t OMAF &&2 2ol 360% OICI &5
HIOIE XI&& <& DASH MPD(Media Presentation Description) &H& 2fotm,
head/eye trackingE2 So AtEXH AIE 0l SHEGt= DASH segmentl MEAE S48
Or0l DAE 0 QULCH

DASH delivery

Fs Fs
» DASH MPD —>I s
- erver
generation G

H

A

DASH MPD
_ & segment
= rece;mon
T
L
Head/eye ___________:
tracking Orientation/

viewport metadata

(08 6-9) DASHE S& OMAF 2HI=

i
0

B MMTE S& d2& DI &5
MMT AhGOIlAM = IP/UDP &3&
o2 M&EGHI| fIst MM
OMAF &&= <ol Mg 0000 ds & E

tracking= Soi AFEX AIE0l oiEol= MMTP Flowel s&& E==41 20ot0] DAL
UL

0f
T-VR EESI2 #5130 OS | Jz
o &

ror ﬂﬂO

O fOl
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BMT Sending
Enmty

Timed Non- Fimed
MPEG CUPE VR mediam
Generitor BANTT Flow

Viewpor
Feedback
v ¢ Application
MMTEUDP 1 Siznalling
MMTP/ WebSockets

( MMT Receving
Enity

Current Viewport/HMID nfommation

(08 6-10) MMTE S& OMAF 2EI= &S

B OMAF version 1 T2}

OMAF version 12 Al st JI=AEN JIE QUL/HICIL/0I0|XK REES gt
o=z Mutst @C|/H|ICIL/0I0IA AHIAZE HZot)| {gt s &
Ml S&tCh.

ro
K
HU
el
e
un
o

e HEVCOIEt INE=DN; A& =g HICI2 T2t (HEVC-based
viewport—independent profile) : HEVC Main 10 profile, Main tier, Level 5.1 Al

e HEVC JIBF AFEXH A& JI8F HICI2 Z202 (HEVC-based viewport—-dependent
profile) : HEVC Main 10 profile, Main tier, Level 5.1 A&, viewport—-dependent
processing= 98t SEl message % ISO Base Media File Format =JI MFALE
2 I8

o« AVC J|BF AFEXH AIE DlBF HICI2 ZZIHY (AVC-based viewport-independent
profile : AVC Progressive High profile, Level 5.1 AIE

e 3D U2 HiolActel T2 (3D audio baseline profile) : MPEG-H 3D Audio
Low Complexity profile, Level 1-3 AtE

e 2D 2D U2 AHAI Z=20 (2D audion legacy profile) : AAC HE-AAC T&=
HE-AACv2 profile, Level 4 A&

e HEVC 0I0IX Z2Ie (HEVC image profile) : HEVC Main 10 profile, Main tier,
Level 5.1 AtE

o dIHAI OIOIXI =21} (legacy image profile) : JPEG OI0IXl At

B OMAF version 29 Jls &2

360 &MEter DICIN XNES OMAF HHE 19 Jls R4Ass JIBlez, Jls &&= 4

et OMAF H&E 2 HE=3tF X & S0l JACH OMAF HHE 2= 3DoF+ OICIO XIE =S
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e =H=

tH, ==AE 360% O0OICIH, <8idiol, 360 HICILSY HNEZXH
gt J

= M306tl UL

Position B
stadium

e
]

Position A

o

Il

=

Position C

(2% 6-11) S=AI& 360 HICI2 XI&

(02 6-11)2 =22AIF 360 HICI2 AlH
02 AIE = ANBRS ASXHRS S5 SUs A=l [
HICI2Z oS8 4 UCH & = |

Ho| 360% HICIQ XS DHE I}
H wst NS

(02 6-12)= QH0IS 360 HICIR ABlASl HAS P0i=D ACH 360 HICI0
2D & 3D HICIQ, OI0IXID S2AF HEHS AS AISKHH HMIBE £ A0, &
D, SIF DI HHIA S CHEH VR OfZ2AH01&0 A 220)

I>
10
o
0z
= o
T
=)
ok
g

ALt ottt 360% 8l
ANEUAM ESE 360k

tet Olsot= JHoictel oot 201 === Al
Bict AIE0IAZEE OfLIch JFE A RIXI2 JtHICH Al

6.1.22 &= XNo Q QX
1

HE3F 22 201798 Ol=0l= MPEG-12l HEON %XH 3DoF+ =

r
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= X &3dt= OMAF version 2 &3 20| 20208 SEHHAI H=ZE WEOICH S THt
X2l OMAF version 2= 3DoF+ OICIH XI& Jls 2Ch= 3DoF OICIH2 JIs& &M
st =20t =2 0IR0 X1 ALt ==AlE 360 IO, MEEXH E=, W0l X
& S0l 2 GIoICt. 3DoF+ DICI XI&0l CHet =210t OMAF version 20lA 235l =
S| Xl 2ole 08 = 3DoF+ X&2 28 DICI RY Jls, S6l "L 2E J|1=0|
OF& Z=MotXl D1 MR0ICH 3DoF+ HICI2 REY JIs=e HIt2 80 M “Immersive
Video — 3DoF+"cl= HI=22 =2 0F2 &4 (exploration) SHAHIO JUCH. OMAF version 2
= 9= MPEG-12 & A0l %A 3DoF+ OICIH XI& D
HICIR ZY JI=2 HEESH MNHASN XFH 22 AIJIE ZEGHLD UCH S HESHD
U= 2z AEQ 20202 =N OMAF version 2 EE3F 222X 2= 3DoF+ Hl
Cl2 S MPEG-1Sl 3DoF+, 6DoF X& OICIH 2Y Jl=sS2 H&EsH ML Ot
N

getd =k UsS A2z Lelth

6.1.3 Video

20159 ISOAHSE SC29/WG1T1 MPEGIH ITUALGE Q6/ SG16 VCEGE XHAICH

AHO &8s 2HSJI2 22 HEVC 0l ME2 HIOR

I Joint Video Exploration Team (JVET)2 XMS&Ql 2D J&2

S L8 XAl EE2

?Iet XA &=

ot SDR, HDR, 36

Cle 2= HE&E 249 :

=k 20173 10E8 O3t Ol d SC29/WG11 MPEGZH ITUAMSE Q6/ SG16 VCEG2

Call for Proposal @AM &M , SAIO SAE A2 D&l Joint Video Expert

Team (JVET)ES 20 XtAICH HZE=SE AMEGIUCH E£8t, HEVCE 360&% Hl
_?_

o
a

KU
0o

e
ron
H R
o 1o
il
=

oo o0

(¢]

o M

Qﬂ
on L M0

FO oX My
o

A
|

mo o>

&

FRU

ot Ch

(O 1 T
W =2 L = M M
>
rc
o 02
M 0x (@
omn
fel
A
&2
Ju
KO o 10
40
ron
S
>
e
M
ol
rr
o
mo o
4> 1
| Ealuw
HU
0>

(@)

P
>
x
o
==
_]ﬁ
Mo
My H1
==
Qﬂ
)
[w

>
C
mn
2
>._

e o0
5
4%
J
O

Q rv
i
I
Ju

= |8t SEI HOIZ U0, 00 BDAE 3605 YA 2 HEVC
360 HICIQ $£53 EE Jl& AJHS &M JVET HICI EZs Jlg S&, EFs &
B A%, ¥ MY Y UFS FelotU

6.1.3.1 HEVCOIEI 360 E& BLE S8t SE

MPEG % JCT-VCUIAd= 2017&8 138 HUlBIOIAN E& 117X MPEG 3I20IA

“Additional supplemental enhancement information”0l2t= M=2 HEVC2 2=

= PDAMLZ A TGt HEs A= MAGHH ZCH OIILQUAM & 121X M

i = B5H=S FDAM2Z SOl f5HEW M= HEVC HIEAEES [=2
, CIAZEdI0], JIEt BHEE2 S| ®Igt SHOZ AISH= HEVCE I SEl message

T HIOR RSSE SIs G2 22 SEl HAMXIE Z25
NXIE Soll OMAFUIA E2lE ERP2t CMPRL 22 ZZMA I
A I, 28 S OMAFUIAM XI&ote Jls&& HEVC HIEAE
P

©

—_
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B Equirectangular projection SEl message

SATe HIEAEZES ERP EUHAUZS 20 CRYE &2 30 240 /sy
(remapping) & %= QUHISICE. FIIEC =2 IHE (padding)t JIEYE (guardband)Jt &
ZEA= =2 01Kl Gist EEE HISsetih.

B Cubemap projection SEI message

SATCl HIEAEHS CMP EUAUZS AT CIRYE J&a2 30 S2tai 2l

(remapping) & £ UH StCH.

B Sphere rotation projection SEl message
2N OMAFOIM &EZEH XEH BHE 382 FAGIHH, 360 HICI20 AFEE 3D ZEHAH
K& ZtHE A (global coordinate)et CHE 22 JIE HEHZEH A A0l st

Jt
dE2E NSetih.

0H

B Region—-wise packing SEl message
2N OMAFOIA HEE&H 2|Mt0IXRIHA HEQ SAeH, 2I&A0|= TH20] 2= A

SOl T 280l et 25 MBSt

B Omnidirectional viewport SEl message

2t OMAFOIA A8t EIA S BIEHHIOE 2 SAGIH, AFZXHUH Fa8EEsE 5 22
AEIOI& (viewing orientation) 82 & M SSHCt.

6.1.3.2 JVET video EE3 J|l= S&

6.1.3.2.1 360 Y& /& EZF HIOL DY

Jl28o2 MPEG ¥ VCEGZ 2D 001X & Zas DY HES HALZ &=0. 24
HZE2 URHQ AMeA 2 RY BEES HEO 22X s (normative)22 &0, o132
e WA L A™2l UAE (pre—processing), X2l A (post-processing), HHES2
HEOA MolA 20 QUCH BHAILH, 360 JAC H2R, 3D FA2 2D gaez =
2 1 BHiHel EXIF 2ok, O MHUNAMN d-=Xele &5 ds0 g2 0IX0] M
Z0, M JVETOHIME dX2l ¥ FEHE s AHCOI X =00 SEol =2
HA HESNE0 DEHs0 0IXls S0l et A-HCIOF 201 JA MO =

6.1.3.2.2 ZZMNIA X Q!
JVETUHA AtE0t= 360% VR 2=
format (ERP) Z2 MM & =
HUAM AFES= 360 S4& Jtblicte HREE2 H&E=2t 20J|EF ERP T2 & Ao =2
MEZI, HAE F4& T8 ERP X2 =

(08 6-13)2 JVETO 0 g

O] &I eH2Z AIEL|

>
Kooy H
o
(@]
»
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Ct. Ol Hatel S8 ZZ2HEO 4K 20 40| 12HS &= ol =Lt 0 = 13
g/02Y WEE2 HH U2 S8 Z=2HEO 4K 209G A2 HEZ Viewport rendererE
Soll 3D Faez HEE = ULH, =2 B2 €2 ERP 8K FH&e=xZ HAMESHTO
ot=zxez &¢Ik sttt

Rendered Rendered

Viewport ﬁ PSNR N Viewport

ORIG REC

t low fidelity '
(e.g., 4K) |

EAP recEAP
. Format
Test materials . OHP A recOHP Format ‘ 5 | Reconstructed
(e.g. 8K) \’ cczg\éev;:.on * I (SnC/Eﬁ\;) \‘ - ‘ conversion | ERP (e.g., 8K)
(high fidelity) | sampling) ISP G recISP (up-sampling) ‘ (high fidelity)

>

WS-PSNR, S-PSNR [«

»| CPP-PSNR, S-PSNR [«

> WS-PSNR, S-PSNR |«

(O™ 6-13) JVETOHIA EE 360 I& JI=2 T2 AHA FHQ

AUSH, 2 T2 MM A0 TY A0 O0lXle Ze2 Ttot)| <[, s &2 J|
SHoz 0|50 ATt HUHEs T2HHES 8ot SWOl 2SotRUCH S, 2 =
SHME YGA2 Ol/C2EH} 88U AHC &0 JUCH

B Equi-rectangular projection format (ERP)

AFAHION A DFE 220] M0l10 Qe HEGOICH 3DE P2 2P ol¥2H, 3DYAE 2D
FMOZ HE Al HEE xF2=2 /AT E yEO=2 UIRO WHAIZICH HHKXNEZZE LIE

g M Jtd 0l M0l 2 sLotl

B Cubemap projection format (CMP)

3DE HSHNZ 22 SIUCH, IDIAS 2DYAOCR2 HE
Of WOz MIAIZICH 6IHS AIZLES

Ol JIsotH, sfi= 3x2 di0|0t=0| CIZE=Z M0/ UL
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B Equal-area projection format (EAP)

ERP ISt RAIGHH 3DE 72 2GRN, 3DIFas 2DGaoz HE Al L E
XEL2 RITE yELZ RN WIAIIXEL, ERPA=E 2l BEE y= WA
uniform BEO0| Ot:l non-linear HEZ £2Ch Y WEHS M= B 204 0A LIEHLH
= ZEO It 304N 22 HIE0l EHe FEO UL

B Octahedron projection format (OHP)

30E EZUNZ ZEE ofU2H, 30T =S 2082z HE Al 82 EHEAUES of
Lie BBz BWEHAIZICH 8IS 4SS ofLte dEez BEHUE Al Cheket ol

Ot=0l Jt=0otCt.

B Icosahedron projection format (ISP)

3DE HOIYHMZ 22U 5IA20, 3DEAS 2DHEACZ HE Al 20002 HaASE=2
otLISl HEHOoZ YHEAIZICH 200HQ HALES oFLIS HHOo=Z oA Al Chekst
dl010k20] JsotL.

B Segmented sphere projection format (SSP)

ERP HOHD RAISHH 302 7E DYUGIAUSMH, 3DIAS 20F AR
E202 Us0 WIAIZIC AT -45E2H +455) Xl ERP2F SYotH 20422
WEAIFILE, -45& 0Ict, +45& O|&QI 222 |2 Z 2040 BHAIZICH 2 222 6

Hel HAILEez R2Hs & 4 UL

B Rotated Sphere Projection (RSP)
ERP ILOHI KAIGHH 3DE P& ZEEGICH, 3DFA2 20GAMxZ HE Al 2012
HOIAZ 2DAC2 WMIAIZICH oHE HOIA PAES HLULAZE 24HGl=E HOAY S

ot Ct.

I
W

B 2o Z=XM

A0AH AZ2= 20 Truncated Square Pyramid (TSP), Adjusted cubemap projection
(ACP), Equi—Angular Cubemap projection (EAC), Hybrid equi—angular cubemap
(HEC) S0l 360Lib0IA XI&EHCH CHEE CMPOIAM OHME Z=M& 8tHS0|C.

<H 6-2> Z2HE Za 2 oAl

Projection Frame packing Example

Equi-rectangular
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B =90 __“’
8=0 AY}——f--| G e foes
m*w: w L ::ﬂlﬁ 4 L5 L6 il
Cubemap 1
2
1 4 0 5
3
Equal-area 880 v 1
18=0} ¥ F--F
Ye-sin(8] o
for=50) ¢ 0 U 12 13 U 5
ql:l!: =0 =180
Octahedron
Icosahedron
Segmented sphere _
2z 3 4 5
Rotated Sphere
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6.1.3.2 Z2XH& 45 Bt
= SHUMA= 8 20169 RH Het" D2HAsS SHCZ H2A ofd d5 ZUE
NIAISECH &t &Aa2 &M JVETUHA SAH2=Z AlSotld A= End-to-end & &
ot JIEH0IA WS-PSNRE =&

Projec E2E WS-PSNR for all E2E WS-PSNR for 8K E2E WS-PSNR for 6K E2E WS-PSNR for 4K
tion sequences sequences sequences sequences
Y u Vv Y u \' Y u v Y u Vv

cmpP -2.4% -0.7% -1.0% -5.1% -3.0% -3.5% 0.1% 3.3% 2.8% 0.5% -1.6% -1.2%

AEP -4.0% -3.1% -3.2% -4.7% -3.4% -3.4% -2.9% -2.0% -2.2% -4.3% -4.6% -4.7%

COHP -1.4% 1.5% 0.6% -5.0% -0.2% -1.3% 3.5% 5.5% 4.5% -0.4% -1.1% -1.3%

CIsP -3.3% 1.1% 0.2% -7.5% -1.3% -2.7% 2.4% 6.2% 5.7% -1.8% -1.8% -2.1%

SSP -9.7% -5.7% -6.3% | -11.9% | -6.4% -6.6% -7.3% -4.1% -5.3% -7.6% -6.9% -7.2%

ACP -9.9% -5.7% -6.1% | -12.5% | -6.3% -6.5% -7.7% -4.7% -5.3% -6.7% -6.2% -6.2%

RSP -9.2% -5.8% -6.1% | -12.4% | -7.0% -7.4% -6.0% -3.9% -4.5% -6.0% -5.9% -5.3%

ECP -9.0% -5.4% -6.0% | -12.3% | -6.7% -7.2% -4.5% -2.4% -3.6% -7.8% -7.6% -7.3%

EAC -9.9% -5.8% -6.0% | -12.5% | -6.4% -6.4% -8.1% -4.8% -5.3% -6.2% -6.2% -6.0%

Bt 8t¥2 360° video Common

= HM-16.16%2 &M PERP Z2

A HA0 AMBEUCH E 39 =z o £9 Big glol =2

o Ytz EIf 10%0 It S ol 8 £ QL VWCII EfNe=z

U= HEVC CHEl = &40l 5 NAHSIH 2 M, 22 WL He 8
S

SHE HHOZ o 10%22 ds&4at0] Jtsottis H0A 2101 A= 2dtetd

<H 6-3>=2 2 ZzHEd dsS LEdo. 4
= (@]

Test Condition (CTC)

.

2 0z 12
0
-

b
rJ
[

VET 78 DIE0AM HEC ZZX&0| 360LibOI It THEY ZIRUCH oY Z2HEA=2
EAC, ECP, EACYt =8t & HE Z2MEAAS Nedotd 2 M CMPUIA
Itz ZT2Xdd HHoZ 2 2 EAC, ECP, EACS2t =Atel 11.7%= =0l
I AUCH.

roh

6.1.3.3 2&3 I 2 &= MY
J E

MCO2UA S8 10X JVETOIE A= VWCe 2t&dE CiP 200t &2 ZIULCH SDR,
HOR, 360%< &&f OIZ2H 3JtAl S22 CIPE SES ZULH, 360k N9 H=
12912 ME=2s 1| HAE ZE=S ?IohA BIotATH 2 J120A Mzt Jl==2 =
KO OfEst Z2Md Zoi) 20 Y= HSoIUH, MEe 2M0 =3, 2N
8450l 25 28 H2=2 UEET

CfP S€5 &It ot ol MPEG HIAE HMOIF BotHES F46HH =28 & HOt
£ JSIAUCH. BItHEH2 Anchor (B Jl=)el ERP Z2&E + HEVC 21t H| w a0
MEel )20l =€ HBIEIOENA 20t 22 d55 UEHWH=EX B2 OHACH 1
(=0 OS)-5(F=Y ) A0l E+E A 2 8 )10 =28 ds84s &
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OIS, WRNO2 SYSHOI2H 2EE S 20 Anchordll HIEH Zurel bI=2(0l
S0l HOISIACH CHAl 2o S SES LIEHND| AHA SEE Iz 2o 25 &
52 UEHHE 20 3390

Y DIYOIME 3605 PAS SAGHA SI ZUS EEO2 MIGHK 2D, Core
Experiment ©HE Sofl 3605 L4 YES IAoH HEs TY L Y £2 S0 U
ObD QICH SE3 360E FAS B 4= DF0IA OFN 20| LRE MES SORS
A8t JlZDOl SHSHOIC BT} 60S Y& USF IES Z2HMH TS FHOZ I
#cl0f 2101, SDR DS Zarsts SEIZ HOIUNID, 360 ¥4 ST SORY 40|
8 220l M50, 3605 FAS FI8 MRS DYE =2 J|= SDREY 0| ¥
28 4=0IC

CIP S 0% 2819 £t JVET OIS NHNS, Y =00l (e ZES O1F UX
e MBI, 3605 FAES TS M2 DYE =2 J|= SORES M0l BRI
o, WCol W22 DRI o 2 9o HohA Dol HHES HHEH

: d

uy g
2018/04 HAE D Hd&F & Working Draft &2F
2018/07 Working Draft2 22t
2018/10 Working Draft3 22t
2019/04 Committee Draft &2t
2019/10 Final Committee Draft 22t
2020/10 Final Draft International Draft &2t

6.1.4 2L EFES =&

MPEG OIiM= MY QUL & A Jigt QO L HX Il QULLE ME, &5,

ME, Medle &2 MPEG-H 3D audio E&stE 20164

MPEG-H 3D audio2 &% &Y™ J|gt 222 XA J|

3DoF EFUAML QLU &5 M&E L M2 WEE XAt .

Z2 MPEGS 2CL2 E&E3 d8WAM=s AR/NVR HEIE Kot U= MPEG-],

OMAF 81 QUL 28 QIAES =26t JULH, QUL M2It A8UH A AR/VR

use cases CIRJ| <o 28 U2 Jl= 2 Felg “Thoughts on AR/VR and
= S 3DoF % 6DoF VR &Z0AME

0

QUL XNEES Pt EESE Maict) UL

MPEG 118xt 2l2l0liMd= VR 3D audio2 AlHIA AlLi2|22 QC22 dHE SHA
Aot org XA AlZE S0l Uiet =20 Ol B =0, Ot 22 WS0l ZESEN
ULCH.
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W AlLi2I2
360 Movie — 3DofF
360 Movie with head movement — 3DoF+
e Virtual Reality — 3DoF(0ll: ZNHNE E0AM XA HE)
* Windowed 6DoF
» Virtual Reality-6DoF(0fl: HI)
e Augmented Reality

W edd XA A2t
o SMMXNCS HF ZIte Head trackingES ®Ist Al2tE bmsZ2 IJHEE E=,
* AR Application : 30 ~ 35ms Ol LK
* VR Application : 50 ~ 55ms OILf

(FeS fst (iR=Es DdotY, 21els XNE2 o ZOtoF &)

MPEG 119X Sl20N 2L AEIOSH
Evaluation Procedures for 6DoF"&AIE ZaHGIULCH oY
audio Jl=1 MPEG-I HIA E=3HF 00 =

20l O 14¢eldl, MPEG-H 3D AudioE J

Ol

Evaluation . Inferface

Channals
Objects
MPEG-H | wpegH MPEG-H it MPEG-I Renderer
Commeon Input | Looder bitstraam Decodar {Reference or Propenant)
Fosmat (fd) Metadata Metadata
Encoder Decoder
Proponant
SDOF Metadatn
Bitstraam
Existing MPEG-H 3DA Technology FProposed MPEG-I Technology

(08 6-14) MPEG-I audio Structure

Est, e EMUME 6Dof QUIKLE fIst FI Jl=, HAEE g 04 Atg, HMet
l= "IOIE s &M =2, 2HEEIE HAE &8 Y SHZ, =28 EIt &g &
FIHHEO0| 0l% S0l =2 HA2MH, OtcHe AtetE U3 HAHCS & 2 AHEotd 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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MPEG 122Xt 3l2l0lA= “Thought on MPEG-I audio Requirements” SAIE LG
Ch. oY 2AM0UME MPEG-I audiol FAMEHOl OHSt CHst olAS X &6t UASH
OlMOl MAISHRE 24 20 & 23 & MPEG-I Audio AIAEI REE HAIGHD U
Ct. OteHel <& 6-15>= Y 2 A0l Jl=E MPEG-I LI JIE AAE 2XE
EFHCE

.................................................

: ! Channels, Objects, HOA |
i oidirilll i 3D Audio Metadata
6DoF Metadata

=
o3 ) 3 MPEG-I 6DoF Audio
— G0 —y MPEGH3DAudo |~ o Bindarar
a8+ Core Decoder
--5Z -» 6DoFMetadata ------ > i
g = L ' > peaklimiter [ >
—_y Low-Delay __ Audio Metadata Imé:;;?:‘m 6DoF E;\Erxsmns
Channel |
Path annels Interfaces Resources | |_ _ _ __ _ _ __ _ 0
6DoF Metadata
APIs for APIs for optional
External Metadata External Resources
Audio Rendering Engine Additional Lonci External
. Postion, O 1 8 i Additional Plugins
(Control Engine) Mtacns oter Intsraction B
Multi-user
Biajsooial Vi, e F!:varber:;:n "R
various sources)
Existing MPEG-H 1 = = =» Metadata
xisting - i "
Tochriology MPEG-I Technology Social VR External Technology | ——> Audio Data

(O 6-15) MPEG-I| audio JI&E AIAE® 22X

2018 100l JH=IE MPEG 124X 32l0M= MPEG-I QLILLE <8t st @2AL
&h(requirements)0ll CHoll =2IJt T A=0l, 0IEE 6DOF VR QLUILE st B39 Al

o
X OHZ = 4 AL

ron
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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

-
DVB-CM-VR-SMG((DVB Commercial Module VR Study Mission Group))2 MZX 4l
S 5HACEH

DVB-CM-VR-SMG= VR 2SS AHIAN et Al &8, 23 Jls 2 Deamg S det
Aol HES Falg Study EDAME Z2totRUCH 012 EUZ 3DoFJIE2 VR &&=
HZFSE QIotH 2016 68 CM-VR-(official) 188 €=, &8 AMHlA AlUel2 &
LAME CHE EESHE 20188 7ENA =&#5tUCE (O 6-16)2 AMEQ It
& OICIH MHIAS Als2HH LHOIA DVBIH EESH A S == 202 HAIS 20|

Ct.

DVB interest is

largely here!

Capture | Preparation BB pejivery Processu_ng | Rendering
Raw data (video, 30 [ 3 ',I <hing, "_'dm.na' B Broadcast or unicast [ dlrn::e '”D(e“':‘,“‘ B Video display & head-
point cloud, 3D model) g processad, transmission SEDE I LR e, tracking interaction
encoding re-projection

(Oe 6-16) DVB VR Media Service Chain

6.2.2

FH
0

rat
Ol

&3t &

6.2.2.1 CM-VR-SMG
201548 108 ODOvB= VR Ol && Dl 2ds HEsSH =S ol
OVB-CM-VR-SMG &= Z=otLt. DVB-CM-VR-SMG = VROl OICIN AIAHS &

CE FiBtE = U= =OION =0l X0 et oS &1, VROICIOHE SSAHIA

of 828222 8S61)| ot AHAE QP AFE(CR: Commercial Requirement)s &2
ol= CM =& Aot S-S RACH 8 2016¥ 52 MPEG Joint Workshop2 A®IA
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MUIbHIA JHZEISIRI D &% DVBOIA HelE AHE RIFALE0 MPEG EZFFU &=
BtAE £ QUAEZ= MPEG-| Architecture AhG(Ad hoc Group) &8 2ZxXol)I2 Z2H
ot R Ch.

DVB-CM-VR-SMG&= VROICIH 2

b
1%
Ja
0x
0K
2
1t
i
el

FEESHD| 2ol OfelHel AIDHRT Key

2SS HAlIGIESOY, Ol CHSt aHE S D ol 2016Y 118 JIasE A (VR) &S Al
A0 CHSE AIE &= VR HZ B4 28 JIsd 4, ANME/ACIE DAE, 2HI=
MIZE -, OlAAE, 28 Jls 2 QIPAE S22 &elgt Virtual Reality Prospects for
DVB Delivery’ E10OME Z2I5IR 20 0lE &He2ls ‘DVB VR Study Mission Report' S
g 2t6H A CE.

B ENE0LD AZH0 VREAS 25, M85 & CIAZd0l Jls MY Jisd

B VR Y0|E EEoIH AHE/ALE SEHEES HAHSE VR AHIA AIAE D Jisd
m AU XD JIJH0] X222 0t ZHI=X A9 Y Jitsd

£st 20179 1@ CM-VR-SMG= Type A% Type BZ LiE EtetelsS JIBICZ HE
St =Xl st HE2 LESIRCH Type Agt(Untethered) Z2FH AHZ 810l ACIEES
220t VROICIHE M3ole S84 MUlA HACZ H4H9 GearVR, 12 HEEE
(Cardboard) S0| Ol0l =dt= BtH, Type B(Tethered)= 2R BFHEAS HB S St
O el sES N 2= HISEE AMHlA Aoz HTC HH0IE(VIVE), LEBHA 2lXE
E(Oculus rift)2t 2 GlIOICt

6.2.2.2 CM-VR-(official group)

ADJ| 'DVB VR study mission report” &2t8] == ZXIZA 3DoF A& VR Z$&SAHHIA
£ M35t I AGH QPAES Hlot)| <fIoted ‘178 68 DVB CMUIAM S &

b= =

Ct. £8, i CM-VR-SMG= 6DoF XI& VR OICIH MBIAO CHEH study DI&S =3
}

-5>= ‘17¥¢ 62 HO= CM-VR ToR(Terms of Reference)& UEHHH 0l EH
2 A AMHIA AUl &L QPAFEO ot =2 ot Ct.

<E 6-5> CM-VR ToR(Term of Reference)

» Scope
Y DVBJIBF VROICI M&S 28 CR WY
JINE TV EI&%HIOI Lt &3 & VR ol EA &£
(panning)"CIAZd0l J1=0l AH EXJF €
DVB IRD € U4
- AQDIE Z, HES, HY £, PC 2 22 XMW IP HZE EXE SH
- VR HEIXE MYSH)| fdil OVB 2U L B2C HAE HERI &8

[zl
tS8 Jl= ¥ &M BHE AlL2IRES Defst "DHeet0t / 3DOF
=

>

H e

&&= TV, STBY €2

= Ho

2
<

" fir
|0
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- HEs EHO ME WM EZ2EME = EZE HAEE Sof VR
AE=E MHE & = UA=s s8= ME Jis

* Deliverable and timeline
VCM-VR S =2 SH&= 2018 @ 1 20l DVB &g 25 & 2I23|9 S22
2] ol A4HE 5 AtetE 2017 @ 12 WA WIS
N DVBe= 2 VR E=3t J|7, ol MPEG, VR Industry Forum & 3GPP 0l M

SZOI NS DAAGHH ARH LIPS HO

[£X : DVB CM-VR0052-ToR-SOW-CM-VR10]

CM-VR-(official)2 H2l& ToRES ECHZE 3DoF VR YSAMEIAN THS CraFst R AH O
A(Usecase)E =2/&tlt SAIN 23 CR2 X2l WA= 20 W2H X&otd] f6t0
2018 22 2J4S WEZ IHE H2X =S L2AHACH11]. Part 12 & VR DI
= g & olZet SE FE S2 18 AFUAML =2 5H 2 AHHlA Jis4s
otetsll] fist 82 e doot QUCH Part 2= HMOtE RAHOIA Q) HEO
HESIAHNAS 28 Jtsd It L AMCZ N2olloF 6l= CRE T&olJ| st &
2 HEs Esstn UL

A 2K W ZEE SAHOIAE Ofeh <E 6-6>1 201 AN 3IHKS HEZ 25
SICH HYMW == 2H0IB AX=x FH F= VR CS(Companion Service) S XHMIOH
MBIAZ HMoteE SAHOIAE LIEIUH, SHM BE3F= AMHIA EOIE ¥ X)J| REE
8 S MBlA ZEUEN 28 WHES ZLEstt. XYz MEM Y= & oY
ol SEE Y SEX8ex MBS /I PEAN 28 FAANOIAS LIEFHCE.

Linear RF channel broadcast

OTT service — Live streaming, On—-demand, Download
HHIA e Push download over broadcast

VR second screen with hybrid delivery

Audio messages for indicating the Rol
Predetermined viewports
MH|A 2z | Text-based subtitle(or closed caption)
E g4& Graphics overlay
Guided rendering indication(ex. initial/recommended view)
Low latency transition from view to  another one
VR media decodable on non—-VR compatible devices
=< | Bandwidth efficient broadcasting with backward compatibility
Lower transmission bandwidth and lower decoding complexity

CM-VR-(official)2 121 J122 20l s S EU=Z 2018E 6FNX CRE &
°| 5t ?let HESE LI 4 GHRUCE. VR S A HI A0 U0 ‘QoE’,

‘Streaming/Broadcast’, ‘Synchronization aspects for companion devices’ &
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‘Subtitling’ 0l CHSt CROI EEZIA2UL, DVB AL T ZEEN As VR-IFOIA
AT = A2 (Working) OFOIE 2 FIINMCZ & Ol0l&0 st BE=3F X8 o8 2R
d 2 Zd @IAMEE TEOHI I I FHOH BE2 Olgz 20189 7E
SB(Steering Board)32l0M &Y &5 SHS 2&ot) 28 EES 25 ({R= 2019
= 28 SB2IUHAM M =2l6t)l2 oFALC

6.2.3 VR 0ICI0 28 ¥ QoE(Quality of Experience)

ODVB= =2 & OICIHE AMEXS S82Y ARE & 01 SH0l Ter <= 6-7>% &
Ol 3A 3JIXl OICIN Elgez 2Rst ULt

<X 6-7> VR OILIH 2F

VR Media Visual =x
Types Immersion e
- Hele olsol E AlE Ols IJis
Head Motion |- ASSH Z22H Al EJts
Parallax - LF Jt0icet, &8 HMieto] 2 AH AL IHH
QD fre.e o2 sl=
viewpoint
2E AHel, HsoZ IS 0l AIE Jits
Free User _
SXHE 2H M7, 24
Navigation
9 LF St} BS, T= 3D 22 SW2 M=
SH /42 YIS0l RE 2t 0| HMH AFH Jis
Hel olsol 2 AlE 0ls 2Jts
Spherical - gek 2R Al AIXF 2LXN HE 2HE
=T
- MEEF St (=A/aE gE X HHE) ES
ol et Otel 2 ARZXY &
S fixed ;jg: o;fm [&E Awro;l wjﬁ
viewpoint | 360-panoramic - == =
NS AHY R JtHIH (2TESE X g2
s =
- Z=Al(gazing) 2&kol AIEO2H == SHE
<180 - el /X0 T2 AlE 0l 20ts
- 220l AHAL JtietE ES
20 fixed - Jt0liet f/0tel &2 AR XSE =T
ixe .
. i 360-panoramic | - Hel |AXIN HE AlE 0ls =2Jts
viewpoint L _
- MBS St (EYE dX Hig)g &S
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6.2.4 VR DICIO AHIA AlLt2l2

<E 6-8>2 VR OICIHE Sotd gUsMHlA SHUAM MEH B2 £ Uses Chast
AHIA AlLIEI2E LIEFHCE
<E 6-8> VR O0|CIH MHIA AlL2IL
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 ngvg'r']mgfrés
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 Bohus package Game hlghhghts,
Highlights capture delivered over the watch action from
gniig b internet different angle

[=]]

=

6.25 #& VR HILIZ &5

6.2.5.1 VR HIC|2 &4

A&

&l
[=]

(O 6-17)= &=RIHENAML JI2&el VR HICIR 44 &S UEHHH 2 HE9 £
a2 <H 6-9>2 ZCh
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=s21A

2 capture g Stitching g mapping gg Encoding g Transmit  geg

(08 6-17) VR HICIR 44 A

<H 6-9> VR HILI2 M4 Uy S3
concave st fho] StHctolA 02 gsez #H ol
Camera/view Ct= &l = Jtdiiet
i i convex
orientation | © Oi2i Jthet AIABIOl S FOI0l THoHo) B
view
Capture ] T A AEI A HEeo 2D
BICIRE 24 & M ™ HXI0ALE XHAHE
3D relief A= 20 £= HMDUIA G THAME == 3D
HICI2
Stitchin aAZtIeZ 4 ~ 6 2 HD A2EE 2 =0 2160p602 8 HIE HAaZ=Z
9 | 5lLiel HICIQ AEEOZ AEA JIs
Mapping | D& EHOI HI2BOZ HICILE SH &24E E9Y S22 iy
6.2.5.2 VR HIOI2 2I2E
VR HICI2= <E 6-10>10 20| € JiXQ gyHoz 255 4 QUL
<¥ 6-10> VR HIC| ¢3¢
ag e
- =2 QIBHE =6l ZRAEM = VR HILL 853
- =i EHSAAEHS OU2 018JtsotH, AI2X S2 Y
0l (12 Rol(Regeion of Interest) @ES =&60 HMD
ol CIAZd 0]
Equirectangular(ERP) - Legacy equirectangular system
legacy
UHD-1 encoding DASH/TS 1P netwirk VR decader
Transmitted video
—TZMMAE VR HICI20 Oet gele 39 Iz 2&
Equirectangular(ERP) -22E FA(Tile)oll ol Sz o3g ¥
tiles -=AJI0ME AL SN dilote 92 MO
QE L 4/
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-Rol A0l CHat =2 SIS MHMZ2Eg %= Uou
MTP(Motion to Photon) X1 2hAd

UMD Tiling UHD
encoder SEstan decoder

4xUHD-1 encoding DASH packager/tiker 1P network

H&ots Rol SHBts S
W Rol g9ets =2 M £33 of¢

- HMDOIA XI&ot=

= fu
On—demand L AABOl =ESD MIP XE g

transcoding

UHD
decoder

UHD
| encoder

Mezzanine UHD encoding  On demand transcoder B VR decoder

Captured video

— Equirectangular?t OHE =28 A& 2ot M Z
- Cube ET2H M2 Equirectangular CHHI &F 25% IHY Ab

O|I DI-A
- I2t0lE T2 MMAES Equirectangular CHHl 2F 80% IHY
AOI = 2EA
Polygon mapping - 233 AEE W ROl EFgts == N 2338l6H0
HMDOI == (atJ| On—-demand transcodingdt S A}

WV //

UHD resolutior UHD HMD resolution | UHD
encoder decoder

/‘ T T \ zzzzzzzz UHDencoding ~ Ondemand transcoder 1P network VRdecoder

\\l/

m Equirectangular(ERP) : J|2X 0l VRUICIR ZZ MM HOH)|BI| AHIA

m Equirectangular tiled : &23JI2 TileZ2 &%, AIEZX ROINH WE diE Tile=2
&St MHIA

m On-demand transcoding : At&EXt viewportE JI8t22 VR HICIL W ROl 24H

= F=otd 0|8 AS CHt0lAC] HaE2 21DHGIH &d&Edte MHlA
m Polygon mapping : &J| ERP UiHl NH& 2 &= SsS4HES 1Deist Cube E=

Pyramid IO DBt MH|A
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6.2.5.3 VR OICIH &&
VR DICIOi=e ¢&2 =
O #4800 Met <H# 6-11>10 201 =F &t

OT

<# 6-11> VR OICIH && SEH

VR OICIOf ; Equirectangular | On—demand Polygon
24 Equirectangular tiled transcoding mapping
MESEHA grsy SLIMAE SLIMAE
MER2A |MPEG-2 | DASH/ISOBMF
DASH/ISOBMFF
TS F
ClgtolA | STB/TV Any IP device Any IP device

6.2.6 VR 202

6.2.6.1 Degree of audio Immersion
DVB CMOllA= VR 2L 22 JIZ2&0l KA
O0lsot, QUL &sIt 328 H0lA DEEN
Crest AUlAN 8 U2 AAES Ax 2

. Ol s&g0 Tel 2ULE M
oiOF &tCt= ZdOICt. Ol0l 28t
of Otciet 20l Jl=otd RULCH.

0 10
o Hu
o

12

o

B Fixed position 360 2D panorama:
Zl A 360% Aet2E r% Jt 2R06tH, 01 ol Jt&ol ALIHIE =EHEH &0
XIstlt. AI2E= #%d &9 ML XL EMHEY = A=l It4 mono, AHld
= 7.1 NMet2E AA"D RAGHTH LD = pY

80 3D VR (forward view only):
c COt 2R06tH, OIE 9o Jtatel A
| He AXINL ESHE £ U=

XH‘—* /\-IEP% AMAED sARGHOGHD =2 %= UCH

=

H0

n
[N

B Fixed position 3D panorama / spherical:
ZA 360 A2H2E ARSI ZRotH, P& AF2EZ(Spherical Sound)2l MHE S
oAM= &H I8t QLI 22(Scene—based audio)f== 28X DB @C| 204 E Q6T

B Moveable position 3D VR:
AAR22 Hel SHYES L
coF 2xo|et @ULIF RFELC.

6.2.6.2 VR audio Jle 24

CM VRSl Audio Subgroup OlA= VR QUIRLLE Rt Iz 242 AMEMBIF2H, ‘audio
and Virtual Reality’'2tle SAE 201690 2AHGICH Y 2A0Hl= VRO &2 %=
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Js210A

U= LU Jl=0l Ul 242 otU2H, =2 WES OtcH2t 2L

B Use cases and Experiences for VR Audio
QU2 LEHOUAL S IJtXl use casell CHoll H2lE at}A =0, ‘The infinite Seat 2t
‘Cinematic VR’ OICt. The infinite Seat= 3X& Z22tAQ HCIHME "4"IXDP SAPN
g = AN, Hele SHAE 30| Tl= A== 20|ot=0l, 6DoF2t RASH JHE
©2 = = ULt Cinematic VR 2f 32 M0l s&H0IK= Rot= &4=0A 2EH=
E HFote &E2=2 3DofF2 AL = = UL
B Background on science and technology
VR QLI &&= st JI=0l ol ZADE O/ =0, 42 2LLE «
st 3XtE B2tA0 =MoteE LLOILe JHE, A2l BrAH el 8Y &=, d&=
SEUAMe 202 g, Hel SN g 202 ™Ml sol tis Wss 2t
obAHl EEStCEH elld, JIEQ MY 2L2A= CHE FHEHQ! 24K D8t 202, &3¢
Jigr @O JHEW ol AJHsty] A2, MPEG-H 3D audio, AC-4, DTS VR
Ol CHol Al &= 2FSHGHAH AW SHCE.
B |mpacting Factors of Audio Quality in VR
VR 2022 quality SHUAM Ot 2222 & = U= =& O0tLIXI2H, qualityOl
S F=E T2 QAS0W Uo Jlsotl UCH ‘audio Playback System’, ‘Quality
of HRTF model’, ‘Head Tracking and Motion—-to-sound Latency’, ‘Spatial
Resolution’, ‘Degrees of audio immersion’ €2 =2 242 J|=ot1D UL
W Existing products and trials
VR QU222 230t &M &Mote HS S Chst AIE0 CHoll At 20 E
LIEFLH D Uesdl, otehel <E 6-12>= VR 2002 23 Jl= £ MS2 UEYH 20|
Ct.
<H 6-12> VR && 202 Ji=
VR Audio technology/company Compatible Platform Spatial audio Links
technology
Unity 3D audio spatializer SDK Oculus Rift, Gear VR, Object unity
and plugins PS4, HololLens
Google spatial audio Google Cardboard, Object, Scene-based google
YouTube 360
Fraunhofer Cingo LG 360, Gear VR, Object, Channel, cingo
Google Cardboard, Scene-based
Oculus Rift, Unity
Samsung VR player Gear VR Fraunhofer Cingo gearVR
Playstation VR PS4 Object, Channel, PlaystationVR

Scene-based,
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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

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

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 2CI2° =2 DVB2 NGA(Next Generation
otehel (08 6-18)2

28 Aoz Hasctn
Ct.

ULH.

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

Audio)llA Hol=l HIAHLISS
LIEHH 240l

oOd =
==

NGASl & &

Audio Stream Metadata
Media Object/Stream 1

NGA Audic: Decoder

Processor

Audio
Decoder &
Rendering

(O 6-18) Next Generation Audio Delivery model

B Conclusions and Recommendations for DVB

CM VRl audio subgroupWlAd=
fei et 201 Jl=atd

5 A AES

QICtH.

58

2 QLR Jiso 248 S8 28

OculusAudio

NextVR
3Dception
Realspace3D

LGVR
JauntVR

OSSIC VR

Rature3D for
VR

2B 435N

o 0l

O

FBMF-TR-002


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

Js210A

<H 6-13> QUL JIg 24 Z2& %

e VR && 2 U2 JI=0l =MotXlg, OtM2 H2&E A Y

« VR QUL 2&d HEst= =J| HHOIM, od JI=0l DHEHD AS

« VR L2 ZZO0l CHet 29st Oloiot & X Z2 &E0IH, Ot S&E =E
s XA SHY2 e oS

o MO QL2 FEHI|IE QLLE VR LUXE st S2E RA0IH, NGA
ANAE0 Olefgt 2201 0101 EMstL US

* VR 2LUXL° HEES St &2 & 2Ea A2 JIES 5l FRA

<H 6-14> 2L AALMEY 29

e DVB= VR U2 #Z= HEHUH UA, OVB 7 EZHNAE HZoH0F & ¢
Jltle AYECZ AIES= Atdl, LBHEQI DVB MEHHS HRIO U=z HEtet
el O L A2 Jis AMUIADJ ZEE 0 0F &

e VR OHECIHOIES ZE&ole DVB HE AME2 202 ol Ao el ==
diegetic, non—diegetic LCILE &0t H2lg = U= HE GIOIEHE 126t

ooF &

o U2 Y A2 FL, DVB= Ambisonics MY =AE &Y= GIEH GIOIE
Of HFESIE ZESIH &Y 28 X5IE AFG= A0l £ES HY
e DVB= HIAAIZE 2EIX ME AlLIZI2% DASH Dl M&E 22 B2C HAE
S Allelee 22 OYst 88 AlUel2E GRO0ke

« DVB= MPEG, 3GPP2 €2 E XA g0t #A3S ME8ols 210l HEE

6.2.7 VR OICI0I AHIA =2 0l

DVB= VR DILINE 43822 SMBIAN EFAIZ101 floif DVBIH +==lolioF & <
g2 NEH2Z =20t 2M, VR DICINH MHIAS 82Xl MHIASE ot =2 0l
7+ At S O3S =2 ddAMesS UsSd 201 HAIGHD UACH

B el #F E£= CHtoIA0A VR DICIO 2Bl JtsoHoF &

B VR Sd2 8K 0laf2 UstE =S MBaHoF &

m VR 20| 242 ?oi Zdlg &2 =4 90fps, =ICH 120fps HISoH0F &

m VR OICIO M&, 88 el BHEE flet 8= 2= W ZoUS HSoior &

B 0|0 JHegE = Y S Uest VR MHlA SSHZS 2Eoi0F &

6.2.7.2 3DoF VR MHIA =2 JdAte

OVB= 3DoFXIE ALZX XY A=k
=40l &= 3DoF VR AMHEIAE 28t =R JDdAtE
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<H 6-15> Type A AHIAZE st = DelAEt
= 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

DvB= 2015¥ 108 Z50A2 VR OICIH A8 2 YSAHIA0 et AIESE, 2d

ol & JI&d QIPAEsS 6| <6t CM &tatol VR O&(CM-VR-SMG)E &4
ot L. CM-VR-SMGE Jtats a0l DICIN MAS HEE FUtE = A= M22 0IC
O =H0l & A2l tiet €5 #10 VR OICIHE &S0 Egéfjl ?otd DvB2l <
S= gotJl ?lotd ZFREJYCH 20178 12 Type At BZ Lid ZEE3S EtctelsS
|18t2 2 3DoF & 6DoF VR OICIO ABIAG Ohet Z2Est =& H=S KMAlot] 3DoF
VR OICIN EESMEBIAE S8 S2HZ MPEGH X0t 2018@ 6& A CRE EZ2

Ct. JefLh 2018 73 SBa20IAM 7AtEE EOl =HAIC
stt= Z&old 201998 23 SBa20IAM M =2lotJl=z ot
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6.3 3GPP E=3l s& & XNat

6.3.1 MK

OlESE4 BE=3 I8 D70 3GPP= B3 HPAE 3NM2=0ts XIR6t= 3DoF
VRABIAON SHAGHYH Ztgdst EESH Y2 35t UCH VR MHIAN 228 A
=1 J|& I 3GPP 0OlsSE4 7HA 2t9 Als=2&4(Interoperability) 2460 MEZ2
ISy A

S Eo6tI] fIEt

SA(Service and System Aspects)4(Codec)OlA &SHE A

012

EHCIJI 2016¥ 48€12H 3GPP WG(Working Group)

ZUE SEot:

"3GPP TR 26.918 Virtual Reality media services over SGPP” }E 0182 JIs21IANE
0

HHOIACEH. =or2 20174 60 Z2AEAD, 0lF XHHQ B22 HSGHH 20184
30l Ver.15.2E HHIEGHRULE.

2 )28 0ME VR 2Es SIS ¥ AZERN D, Y X, ME5 L 2585
ot R4adls, 2 ot € Hs2Ed S 24 UHES Eéér 0f, D& MEX X0
A2l 3DoF 360VR MHIAE SACZ '|SLIGHAE DASHI|IBE &lAIZE AEC|IY VR A
A' 'MBMS(Multimedia Broadcast Multicast Services)J|8F VR OICIH SH MHlA" &
'3GPPIIEE rEteF DRl VR MEIA" S2 RAAOIAIL MAIEIACEH

Sl 3GPP= &Jl SA4 18
Ol JHel M22 AEC & 23 OtoIE0l CHot:
=X 2 23 A= Ot <& 6-16>10 2L,

°f AU WES HE2=Z 20178 63 H VR 23
=2 S0l U2M 2 Ot0IE2 &

ox

<H 6-16> 3GPP VR2tgd Al AEC| OIO|E! 2 3 0108 AL
oy o = =2X 2z LAl
‘VR profile for streaming media’2l 222 VR A
1 | VRStream | E2IY AMHIAZE 2ol JIE=2 3GPP OlssS4&l #A -
. o ) 20184 4&
MESH =Dtollor & T2t (Profile) &9l
‘Subjective/objective  test methods for immersive
2 | LiQuiMas | audio systems'2l &2z 2L AIAHS FH -
Y HSS MANOZ FIIGH| B Y HO 20184 42
‘QoE metrics for VR'Sl &%z VR FTEH=x MY
5 | FS_QoE_ 2XF UERAD &, &bl AZ=S Z&8e Al I &
VR A2 DG ML ZE2S FE(QoE)2 H&AXNS | 20184 92
2 Tolob)| HEH 24
Codec for Immersive Voice and Audio
4 IVAS Serwces o 2%z 228 U2 % 30 U2 20194
Jls2 X&dte ME2e 292 F2 12%;
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3GPP SA4 Virtual reality related acrivfrik.'s

27 2018

Wk lbem

Codec for immersive Voloe and Audio services

[}
3GFP VR Profile
for Streaming Media
|
Sublective/objective teit methads for Releasa 1S
Immvertiee sudio systems staged (5G]

(08 6-19) 3GPP EZE3SH Etetel

6.3.2 VR 0ICIH 2AD|=
3GPPUIA =2 &¢I VR HICI2 AIAECl processing chain (O& 6-20)10F &Lk ol

o PEE JIBOR, A JIs 220 8 Jl2X 24 U N8 Jhss 4 JES0

1/ mapping metadata

[Sphere o T _'| H Flle/Di'_
. stiching. f’f?}ff‘ff?fl%if_’?fi'?_g__ Encodng || o pmsoten

DASH/MBMS
server

'u:

(in unicast*
case only) |
! : . File/DASH DASH/MBMS
Display Rendering Decoding decapsulation cliént
S i i Unicast "/-Mulhcast /
Viewport Broadcast Delivery /
position Download

(02 6-20) VR HICI AIAE processing chain

VR 9ato] &l & AE|E(Stitching) 23 Jl=2 Ol 3JtXl J1&0| FEZU2O, DI
=4 NOUXN BAS Sof SH0 L= Az Eg2 #ots MAloHICH £& VR 0IC
o &0 JAAE E 610 20| 3ItX2 2A0] HECJULH.

]
¥
IIH

S
c
10
ikl
A

AEIE AIAE:D 22 0/E26t0 Ct==2 Jtiletel focal pointE &
xlAIil /\I Blo 2, parallaxt &0 AEIEOl 2tEt6E AAI2E MHelol S0l6HKSH =

[ jlOI OIII( pth-aware) AEIE AlAE: 20| FEE &SE =+ U= Jtoet 2O
T4&ots HAoZ, AIAEO0l HlWAE HtEotn 2RI6HH =J| calibration0l = &
0l AKX, HAIZE MelJt 081D &2t QHEB0l Zlote Ha=Jt Not3

B clOIE ZE(light field) BIHE AAE: S2F 2 0160 222 Ity AIEE o
dg = A= 2A0lE EL dd JIge] ANARESZ, parallaxIt 810 28 WHOIA
AREN AMES 0lsg = AKX SETI e =10 2RI Al 20HE = US
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EEt Cteet S At(projection) A0l =2 /A=0l, HEXH2Z Equirectangular 2411t
cube map AN M2 RY S MHEZ H=(sampling distortion) S0l =2 A
Ct. VR OICIHS &L gtAl) AOUME <E 6-17>10 22 Ml IRl A0l Hln HE &
L.

<H 6-17> VR 0ICIH && 249 HlW

2= e
cre!(Single) 360VR OICIH &XME E%_ﬁ%%gi 7_&%—_6%5 HAOZ
oo 9e I Aexa o ggo 2EE MelE g LRI ol
—=% =% |Rol 3Z0| DOIXIA YEHI R0l 20| A2
SE0 = C1+9 60VA 88 05 AEEO= Hasie
QEMUL) | INOR LIEAS AEHN] A0 AEBN} HEs B
AER ®E | YAS MEE 4+ YO AHY HE Y 53 2H{aS)}
1A
WERO= 25518 HUC AAS (15 AE20=
s (Tieq) | DEUE BAOR NSNS REEN Wl BRE B
Jeaed lous deslo =258 sto=M WE Al XsE 2a
==% 8% lzzsg jzz 2+ Jou, A0 02 WE XS0l LM
+ os

6.3.4 202 AIAH
3GPPUIM= VR QLI AIAES OteHet (28 6-21)0 201 H235t, VR QURE <
St 2SS AIAH, FEHX MZE K3 E22(work flow

T
i
ol
>
| >
0z
2
o
%
E
>
ol
kJ

[/ 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)

(02 6-21) VR QLI AlAEIS 24

6.3.4.1 QL2 &S AAE
0 J|gt QUOLE e LUL &5 AMAE, ME Jigt QURE fIg QUL &S Al
o

A8, HA Ve QULE et LU &S AIAZ0 ol ~IHE ot A=0, =20
Ol=%Jt Hl1) /= HH J|g QUXE et &= AAE0 CHoll Otchet 22 JAES
MIAlGtLD QUL
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Jl=21dA
B Signal to Noise ratio (SNR) : Q0|2 &N ZEE X LS &S AA= AFAZY
== Yollgl et O XY AMAEH2 =28 & ez HE0| It XIH M
M She oAl g = 8lEE S=0 2 &2 E2UHE JtHOorE
B Acoustic Overload Point (AOP) : QU2 X AAEO HIAHE SH2 AlAAS &
ool et QUL HHO RaE Y 2AU= A AHOIAN et MHEE Lot
off Otol32 S8 UFot B0l S0l =0t0ke
B 0012 =0 SE : 003 getdcz 202 Fix "8HRANMN HESH =IO
Sg= JHA0ke
B 2=(Wind) L0Ix 29X @ & L0lX2= HIHEE QUL SHS SEUGIH AtalZ=2
goller = US
B 003 R4 24, 53, 015 & Ny 2X @ 0ldst sEH2 =382 FH J|gt
QUL MM 2t BT E &Ah AIFIHLE MBHAIZ
B 0D Al2t(Latency) @ &8k ESAI0| 28t 2, UJ] Al2t2 NHHAEH U5 &
= A2 &2 Rotore
6.3.4.2 BH = H&E /3 2R
20 D|BE O, e Il UL, XX Jlgt LCOLE /st BH= HE |3 222
Ol CHolt AJHE ot U=l =22 Al 28 2 FHE LSS s JI28e 2
QM A3 EZRE ot (O 6-23)0F 201 AJHst] RULCH.
Live/UGC
Camera, s e .
d i cene-pase: . .
"ercchones: ISR RERDY "acomin | el 6 6
signals A
Scene-based av.'io, annels J
Post production * Sensor
Production data
Spot mics, s ; format
ik, | ——) Dl ude
Effe(}rt'S with Plugins Scene-based audia
Channel-based audio
Objects- based audio
+ Metadata
(0% 6-23) VR QU2 JIe ¥3 222
<H 6-18>2 VR LURLE H&EY = Us LU= LIEHHC
<H 6-18> LI HMI& Lo
Signal type Examples
Channel-based audio e.g. Full Mix, Music
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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) i‘r%bigrr]%\gd in Sports,
Higher—Order Ambisonics (HOA)

e.g. Dialogues, Helicopter

6.3.4.3 L2 8lHE AlAH
@, HA It QUS| dtE AAE0 CHol A A1
A

oH
S2BU0l ol=2 EH0AM2 HFE Fet violcg &

HIOI- 2 B2 SO0IA, 2UIY SOIMS A0 Q8 HEHI 2 4 AN, 2
A3 ARC 20| XoiE EQE HEHER ANSD UA=H, 02l SEAD AFRS 29
X Z O A (threshold)l CHBHAS KI20ICH CHE 240l RIAIEID UK VR =0

| = P
A= 0lE CtAl ZSaliore 221 JATHD 200k d RJUCH

6.3.5 3GPP E&ESI S8 L MY

3GPP= VR MHIAN ERst RAJ|/=10 JIES 3GPP OlssS4 #&A 2t2 &35
(Interoperability)2 2400 MZ2 E=3 0l#E S5t /st AHCIDJE 2016 E=|
2H 3GPP WG(Working Group) SA(Service and System Aspects)4(Codec)Ul Al &l &H
YD, 0|9 ZUE =&ol “3GPP TR 26.918 Virtual Reality media services over
3GPP etz 0189 JI=EINE HMotAT. &M 3GPP= VR OICI SE &I ot

2 =S UL A0 et A O0lEE S22 28 =22 dd S0l UCH

0x

g
4

M Mo

ol
E=
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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% 6-24) 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 6-19> IEEE 3079 WG 201949 & 3|9 £€H

=\, PN

18 282 ~ 22 12 | (4stel=, TTA

48 222 ~ 4E 262 | 3 Park Avenue, New York City

IEEE Technology Centre GmbH, (IEEE-SA Office),

78 8¢ ~ 78 12¢ ) ) )
Heinestrabe 30, 1020 Vienna Austria

108 7€ ~ 108 112 | TBD, Southeast ASIA

6.43 &= MY
IEEE 3079= P30799 HEZFS HMZESH RAGHH (O 6-25)2 &0l 20214 1&8 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
letter Ballot : l Btk : : Eihallat ' 2nd Ba"“sdbmlt to RevCom) SASB Approval Publishing
B X & i i i B B ' ] i ] i B @
|| | | | | || L ] L] N | | | | | T L] L] ]
06/2019 09/2019 /2019 I p1s2020 : 03/2020 | 05/2020 72020 : 08/2020 01/2021

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

(02 6-25) IEEE P3079 E=3 =X 2F
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Sl EZES HEZ HMAGtD A2, 20154 102 2EH CM-VR-SMG(Commercial
Module VR Study Mission Group)2 AI&GI VR 2SS MUIAN TS AE A, 2:H
Jlz & DAAE S MEHANQ g2 &H2lg Study EDME Z2tetlt SA0 Slis
6D0oFJIBt2l VROICI MBIAO Cist HARE &l SOl

0
o
rr

AULCH
3GPP= 0lsS4l 7 otolA2 VR DICIH AMHIAE I8t BEES &S X S0 A
© [, ‘3DoF 360VR over LTE'2t= FHZ, VRE S42=Z & 223 HIOL 2 202
Jl=0ll et JIs20M HEs 201649 430 AIEGHH 201748 68 BHAE 1.29 A4S
Ot=l AEHOICH. & Dl E0AM0ME=E VR BIO2 L QL2 AIAES =X, 3GPP 0l
S4 73 D18 VR MEIA SEIS AAl O, 22L& DI & EIIE fst UgE

on

Ol Z& T RULCH.

IEEE= HMD(Head Mounted Display)E J|8to=2 & JIASA 2EIX9] XS
Z0|J| Qe Jl=S R ISt E=3E KISHGD| 0

E &l SO0l RUACH

SE 0I00 HE&=3t= AA 3DoF2 AIEXNREESE XN&ot=s 1E#H2 6DoFE XI&ASt=
2HAZ L0 ddE Xe=Z olat=lCh 3608|0122 22 3DoF AHIAS L, 2&
AJ=0 et B0l &M JIEE 480IH, 2= 28 Hd € Jls &8 ?& 2
Al HEE 1~29 WUl MPEGS Sofl g 228 X2z ML= 6DoF MHIAES
Bt AJ|l=2 M Jlz= A HH0IH, UL df= 19 WU MPEGUHIAM HE
HESE ANEE = AS A2 JLLL, IO 2529 FR= I8 2= 85 ¢ ¢
=8 & S22 ol A2AQ Jl= HESIE Al&Gt=s = A0l O 22 A=
Ol af = T
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22 -4
(2 RS2 JIsE0OANME BSot)| /I8 U822 JIs21M9 2= 0td)
&1 28
VR 2EIX EHS o R
AR, AL JIP 360 ZEIX B I HD AP, YETHE =2, 2016.9
S, “HEVRASIHRA-1008 & B25I|", 2&I|Z, 2017.3

https://vr.google.com/vr180/
https://www.nhk.or.jo/bunken/english/reports/summary/201710/01.htm|
Heatmaps in VR, https://youtube-creators.googleblog.com/
2017/06/hot—and-cold-heatmaps—in-vr.htmi

Adobe VR180 support for Premiere Pro, https://www.immersiveshooter.com/

2018/10/15/adobe—-launches—vr180-support—for—premiere—pro—13-0/

[6.2 VR 2EI= TH& ¥ =]

http://www.samsung.com/global/galaxy/gear—vr/specs/

[1]

[2] http://www.samsung.com/global/galaxy/galaxy—note8/specs/

[3] http://www.htc.com/jp/virtual-reality/link/

[4] http://www.lg.com/us/mobile—accessories/Ig—LGR100AVRZTS-360-vr

[5] http://www.techradar.com/reviews/gaming/gaming—accessories/
razer—osvr—hdk-2-12 77810/review

[6] SI=2H=XER, "JIIASA(VR) & HE Jl= L Atedl”, 2017.03

[7] https://webvr.info/

[8] https://webvr.rocks/

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

[5.3 VR EHE L AHIA]

[1] 82X2AF=EI|R, “01=232 &S (VRS SM S87 2016. 09

[2] St=2MSAHARA, “DtASA(VR)2 Ul B&E S8, 2017. 02

[3] SHENMARA, “2UH2 AR, VR &t SE L AIAFE,” 2017. 04. 03

[6.1

MPEG EZE3 S& L Y]

ISO/IEC JCT1/SC29/WG11/N17267, “Requirements MPEG-I phase 1b”, MPEG
120, Oct. 2017

ISO/IEC JCT1/SC29/WG11/N17285, “MPEG-I Visual activities on 6DoF and
Light Field”, MPEG 120, Oct. 2017

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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http://www.techradar.com/reviews/gaming/gaming-accessories/razer-osvr-hdk-2-1277810/review
http://www.kocca.kr/industry/16_industry_b_5_2.pdf
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2017
[4] ISO/IEC JCT1/SC29/WG11/N17074, “Requirements for a Future Video Coding
Standard v5”, MPEG 120, Oct. 2017
[5] ISO/IEC JTC1/SC29/WG11/N16950, “Study of ISO/IEC DIS 23000-20 Omnidir—
ectional Media Format”, MPEG 119, July 2017
[6] ISO/IEC JTC1/SC29/WG11/N17964, “WD of ISO/IEC 23090-2 2" edition
OMAF”, MPEG 124, Oct. 2018
[7] Joint Video Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC
1/SC 29/WG 11, “360Lib Software Manual”, MPEG 117, Jan. 2017
[8] ISO/IEC JTC1/SC29/WG11/N16541, “New Work Item Proposal on Coded
Representation of Immersive Media”, MPEG 117, Jan. 2017
[9] ‘Thoughts on MPEG-I and 3D audio’, ISO/IEC JTC 1/SC29/WG 11
MPEG2017/M167583, April 2017
[10] “MPEG-I Audio Architecture and Evaluation Procedures for 6DoF”, ISO/IEC
JTC1/SC29/WG11 MPEG2017/N17038, July 2017
[11] ISO/IEC JTC1/SC29/WG11, “Working Draft 1.0 of TR: Technical Report on
Architectures for Immersive Media,” N17060, July 2017.

[6.2 DVB E&E3 S& ¥ MY

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

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

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

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

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

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

[7] DVB, CM-VR, “CM-VR0087 Questionnaire,” Feb.2018

[8] DVB, CM-VR, “CM-VR0091 Report for CM#81,” June.2018

[6.3 3GPP EZE3t S8 & Y]

[1] www.3gpp.org/DynaReport/26918.htm

[2] https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?
specificationld=3053

[3] 3GPP TR 26.198, “Virtual Reality (VR) media Services over 3GPP,” Mar. 2018

[6.4 IEEE EZE35 S8 L AMO]

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