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ISO/IEC 23090 Coded Representation of Immersive Media

Phase 1
23:360VR S& NE/HS

Part 1 : Immersive media Architectures
- Technical report containing architectures and nomenclature for immersive media

27H: Phase 1.a (174%)
Phase 1.b (1982

Phase 1.b= 3DoF+ X| &

Part 2 : Omnidirectional MediA Format (OMAF)
- Media file format for omnidirectional media & immersive media

Part 3 : Immersive Video
Phase 2

- Coded representation of immersive video
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DEVAETLES

2% Phase 2 (202114%)

Part 4 : Immersive Audio

- Coded representation of immersive audio

In parallel

Phase 2 Part 5 : Point Cloud Compression
- 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 |
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1) MPEG - | 6DoF A7H
MPEG - Iof|4] #3k= Z213 of/d Q] MPEG -1
Phase 2+= Phase 1.bo]] o]o] & 37]1¢] StE&Z LA
E|o] Qlt}, Phase 19A4= =& AgHE HeH A
O] AREA 5212 A 5k= 3DoF Bt 2o thet
Lpeiel s PN Eat= S S L g L g
= WHH, Phase 20|41 Ho} Bl B 9jollA] A
A AHF2E FA Y2 Al Ysh= 6DoF Bl 2
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Projection sequences sequences sequences sequences
CMP 24% | -0.7% | -1.0% | -51% | -3.0% | -3.5% | 0.1% 33% | 28% | 0.5% -16% | -1.2%
AEP 40% | -31% | -32% | 47% | -34% | -34% | 29% | -20% | -22% |-43% | -46% |-47%
COHP | -1.4% | 1.5% 06% | -50% | 02% | -1.3% | 3.5% 55% | 45% |-04% | -1.1% |-1.3%
CISP 33% | 1.1% 02% | -75% | -13% | -27% | 2.4% 6.2% | 5.7% |-18% | -1.8% |-21%
SSP 97% | -57% | 6.3% | -11.9% | 64% | 66% | -7.3% | -41% | -53% |-76% | 6.9% |-7.2%
ACP 99% | -57% | 61% | -125% | 6.3% | 6.5% | -7.7% | -47% | -53% |-6.7% | 6.2% |-6.2%
RSP 92% | -58% | 61% | -124% | -7.0% | -74% | 6.0% | -3.9% | -45% |-6.0% | -59% |-5.3%
ECP 9.0% | -54% | -6.0% | -123% | 6.7% | -7.2% | -45% | -24% | -36% |-7.8% | -7.6% |-7.3%
EAC 99% | -58% | -6.0% | -125% | 6.4% | 64% | -81% | -48% | -53% |-62% | 6.2% |-6.0%

50 @&t oiciof x23H 45




MPEG- | H|C|2 BZ&S}

e 363

6DoFE A Y5l7] I8t MPEG —1 6DoF AJAE] -
g HolETH20].
(1% 8)°] MPEG - I Phase 2 6DoF A|28] 7-

dmollM Hel ZX Y 6DoF Bt 224 Light

U2 7% 9 W 1S BT A0 o4
o}, (1" 7)-& 6DoF 9] ol A2} ARGAF 24 ¢
L A2 HolZFm 9lom (1% 8)-& Phase 29
Forward
Left o
' ' Field S
Right
Backward Yitch Ej_ 7
Aegeke
48 9
(28 7) 6DoF A8} 252 st7]oll=

A=
Agoleighe 2ax

&5 45EE A
7o) Hgolr}, vk,
oA AFet A7HAE FAlo] BEF X8
FE|7h Qs Adstolet dAl A o= X

ol 3

4] Aol A3

e

Field H]t] @ 9 3ZQIE S2h-E vt 5 11 i
o7 n#atal 9)on, o]F FA & Omnidirec -
tional 6DoF, Windowed 6DoF, Dense Light

Zol ik, B4

EFIE ] dof
HAEA 19 A
6DoFof| Tk gAY

i‘ Acquisition k

Audio encoding

Image(s)
stitching,
projection, and

N

mapping

Video(s) encoding

File/segment
encapsulation

Image(s) encoding

f

e 0 0 0 f4--2

Metadata (including depth information)

A

Depth data
sensing and/or
estimation

Loudspeakers/
headphones

Light Field encoding

—9

/)

e _»  Point Cloud _w| Point Cloud encoding !
fusion/extraction | -

Audio rendering
Y

fe—{ Audio decoding
A

Image
composition and
rendering

Video(s) decoding |4

3

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

Onemanon/vvewport metadata

Virtual view
synthesis

Image(s) decodmg

F—— { Light Field decoding r

P loud
1 i F*{ Point Cloud decoding T
renderin,

File/segment

Metadata (incl. depth info)

decapsulation

%

Head/eye
tracking

yoeqled o)y

Orientation/
viewport metadata

(212] 8) MPEG—| Phase 2 6DoF A|AE!l 4=

2018 108 51



364 S3:360VR ¥ =g 0/C/of

A o), Windowed 6DoF7} A4 o2 7&3}
A& A TA|2] Call for Evidence(CfE)oA] E7]
A3t 35 A 212 Aok TR CTC 2=

2Qbo] IAE R, el M A7
A] 6Dofe]| telf Ztepet S oA FA ey

e A Aot ZheFeA| AR,

¢

2) MPEG - | 6DoF EfAH AlE

® Omnidirectional 6DoF

Omnidirectional 6DoF&= 360 H]T] & 7|2 S
B AREARS] A Yo whet ARGAF Al o] B A
2kl 7t A 6DoFE Al sk Sd= 7L 9
o}H21], 20169 7}R] MPEG FTVO{|A+= 3rd Phase
FTV(Free Navigation Television)S gt &A1 Al
F 3} o] 93} Call for Evidence ResponseE 4=
33t vl Qlek, 53], 3rd Phase FTVOl| A= Super
Multiview Video Coding™} Free Navigation
Video Coding®]l t3t #2315 Xgstict, thyk,
Call for evidence IHgo| 4] 53t evidences &

A 3t5to] 919) 7 Alue] eof e = 29}

A7A 0|22 HEact 181 20154 10¥
MPEG FTV AHGoJ|4+& 360 3D videogh= o]
ok gHA Agdo] MEA AIRELoH, o= 2016
d 10¥ A5 3l9of|A MPEG -1 Z2HEV}
MPEGOA] A]ZF= Al Omnidirectional 6DoF
video® WSIGIAL ofof] Thgh A Aol A% X
3=az ik

AR Q] EA Agof| A= 360%= BT Qo] tigt 7]
o] Y& F4sk= 7|0l et EE - Depthe}
45 Zlo] Q) 360k HH| L5 ARE-Ste] AREA}
A o) T ARl 7He] 360% BT P
AYd8h= EE - Synth =2 U0 2138 Fo]eh{22](23),

® Windowed 6DoF

Windowed 6DoFS §13F BARE: thAI 7hijet
A2RloR 39Y PIERRE A 3HYo]
wteh FMPAE S BB R0l BAl §
5] shtel Al o ol
A Mg ek 2 gee] gelos At
st giehod],

Windowed 6D0FS] B4 AR (1 9]

y
I
&

-

52 &atojc|of ®i23H 45




MPEG- | H|C|2 BZEt S8 365

Aok 2ro] 7} 7hletase Al A Hete

7] 910 7HIAE S Al A TP

A 91 2o G 34
3, Aeetaie 9o A
] OdM-oﬂ I:Hb‘]- Hj@:]- EFA

A 5o G A

U o1 el 9o S 2S¢ 4 )

oA}, 7 % T e
SAE (17 103} 225
clabet A H7E o2 247

n:_'%
= HU

M

Y

™

>

juko)

.

2

[

]_
A Foo) B Aol A% ?ﬂ'!i <ol e &

—
10 ¢— 9 «—— 8 «— 7 |«— 6
1M1 = 12 > 13 —>{ 14 |— 15

(T 10) AIZH 052 It AIE AZH 8410 of

>
=2

>,

QA
N
M
=2
)
z
it
1o
_}L
o;
é
;;O
o

A} miet E(QP) AT (E O A

(H# 4) &At3} ofefoe]

Sequence

‘ Medium bitrate ‘ Low bitrate

Technicolor Painter
and
ULB Unicorn, planeA

T: 25303540
D:34 394245

T:30354045
D:39424548

® Dense Light Field 238} A% 24 A1
Dense Light Field H]t] 2% micro lensE AR&-
3lo] W= lensletS 23 HY Wi Fe2 LA =
A3t G2 omfgie}, 2@“’4 o} gt EV\]
AFS

(28 1D 2H0|EEE I =S A

Dense Light Field 942 (™ 124 x4 c}
A GAFo R WEto| 7hssitt,

2018 10& 53



366 S7:360VR ¥ = 0/C|of

(22! 12) Dense Light Field SA(ZPL} #HEHE CIAJE FAHR)Q] o

A Ao A= o]k Dense Light

g A-gof| o

ok vl AR Zleystar gl o] (19 13)

Dense Light Field GAFe] 153} gbA A4 9] 3}
A2 HolZT 9tk

Dense light Field F- &3} 54 A3 o] 222 9
ks ofefe} 2,

* Lenslet Bt 2.9} thAlR] T 2 B33} 7|

ol ot 4 B

o« A2 TS 2 7He) gk Fof S As) vl
£l
= 1

-%@Mﬂiﬁﬂmﬂi"@%%ﬁ

Raw data P
representation % Lenslet Multiview

| <

Transmision data ..
representation l:l Lenslet Multiview

Data conversion

Transmission HEVC or FVC MV-HEVC or 3D-HEVC

A
Transmision data i s
representation D Lenslet Multiview
Data conversion

A
Presentation da‘ag Lenslet

representation

Multiview

(22! 13) Dense Light Field 2= 3t EMAY A5

54 4&0t0|c|of 233 45

1. WC 360 BZ §Fs ot ol 2ix

Alejel| el A A 102k JVETH| el A= VW
of #reE CfP A7} W= lnt. SDR, HDR,
3605 B4 oI5 37k P22 CiPE SHY
gten 3605 /gl B 12719 AlEes A
EIAE 2 fIsiA B7isteltt. Zh 71l A
Bl 7%7} Rt A Zgo] S1o]
Ses AEston, AEE Aol wEw, 2
2 o] Wi et 202 eRTHI9),

CIP S& 713171 915 MPEG BIAE Aof7}
o

o}, H7hd Anchor(?ﬁ xH 7] g)o ERP JEX“/E
+HEVC 393} 8|wsto] A& 7]<0] E4Y v
glo|EoflA] Fut £ 55 UelieA] A4

mfZick, (P} o) - 5(PE 5%) Atele] A
75 A 4 5 71ed FHA e 29
a1t BetAor Fdskdole} k=
o Anchore]l H|sf| ko] B|E0|E7} g4l Y]
o}, ohA] el 5 S-S UERl7] fleiA S

llTl

mlm

o

—

r

o ¥

T

P



MPEG-| H|C|2 BZEt S8 367

7|E2 2819

-

oy, 2
al rﬁ)l
b

o ox N2 L o
By
ol
M
O

o%l‘

o: wm

- O
=0

N

o

4

o
2

Ay

e

Sakis

12 71 TRAM ERS S0 A3

A= o= HEHE Aol THE

rlr
o[}l

T ujgofA= 360% g2 sl 5 =H
O 2 AAIA] §kekar, Core Experiment
ol 360% G U= Il At 29
ThEo] Wkl Sl S¥s] 3605 3

Zof|A] o} EEo] & Q3T A3k
le3te] Aol @A) 3605

N

o] 9*71011 SDR el £5l= FEj= Fof9l

A5k, 360 A

571, 360%= 9

- SDRE—J HFo| %:iﬁ?‘& et

%
In
o,
B G
)
toh
1o
o
—\‘r‘
5
)
o,

&
o sﬂﬂ lt94°ﬂ i A2 o U] i

o

olH, 360% GARS 9JEt RS FAYE T 7|

SDRE9] Wgo] Hasirhy, VWC A28 =7

u} 2 WHEA], ol SDRS $l8f Asfdl sue]

HEe 58e)A st maulole §A 7o) =

«l } A5 §H°ﬂ A 2749 ool W] d

o ‘ g
2018/04 E|AE 2 M 3! Working Draft 7t
2018/07 Working Draft2 27+
2018/10 Working Draft3 2¢7t
2019/04 Committee Draft 27+
2019/10 Final Committee Draft &7t
2020/10 Final Draft International Draft &+7t
2. 6Dof & o= MY & AN

MPEGO||A+= 6DoF ¥&3} 97 AJFS 202149

~20229& F3E Al 9low MPEG - Io|A4]
FolAT QI BE Fol 7P FAo| H YT

W]t o ol ERE vt 00} HIESHLE v
t R 3 4 ek, AR EYES s ofn
20174 10¥ v}7Le. MPEGU|ES- A2} 2 18}
7h 2stA @A glom, MPEG -1 Visual
AhGel 4= 6DoFe} #&H ¥ Omnidirectional
6DoF, Windowed 6DoF, Dense Light Field £&
St ek FA AES Fell A 7ls et F
E31 7)ol FJIAIE shotsf Ukl Q= @A
of & itk dAY FFoR e v, 1~2dd=
6DoF F-5.3}of et #E3p7F 2AA 07 A2k
o2 o e,

3. OtF2|

N
N
i
i
>
N O
N
ox,
tlo
é
ow
ofi
e
rlr
N
i
U
=)
m
)
%,

: =4
a2y AESHE B 7[EEE 360% F4/VR/
AR @0l 285 = it Hlo]H o] 2 A=
sP7lole SokA] B ot B3, Ve S
Hof M dEoh= AR 9 %&‘%1 s
YAW, Pitch, Roll¥F2 4 9J5H= 3DoFRtO 2= A

ul7} Yok BYUY A ATl B

ona =
Ro] ZAjdit), olejet ATARlS i o R A
7 A F<l VO 360% 4 EF Fd 3t
6DoF & A4 o], A4 LF75k Q= AR

2018 10& 55



368 S7:360VR & =g 0lc|of

ek

>
X2
tlo

A| A[&2| 02 KAk g Flofn,

e

~

A

e X2

[1] “Planned Phases for Standardization of Immersive Media”, ISO/IEC JCT1/SC29/WG11/N16543, Chengdu, CN, October
2017.

[2]  “Requirements for a Future Video Coding Standard v5”, ISO/IEC JTC1/SC29/WG11/N17074, Torino, IT, July 2017.

[8] A. Segall, V. Baroncini, J. Boyce, J. Chen, T. Suzuki, “Joint Call for Proposals on Video Compression with Capability
beyond HEVC”, JVET-H1002, Macao, CN, Oct. 2017.

[4] Smolic, Aljoscha, and David McCutchen. “3DAV exploration of video-based rendering technology in MPEG.” |EEE
Transactions on Circuits and Systems for Video Technology 14.3 (2004): 348-356.

[5] Corbillon, Xavier, et al. “Viewport-adaptive navigable 360-degree video delivery.” Communications (ICC), 2017 |EEE
International Conference on. IEEE, 2017.

[6] M. Zhou, “AHGS: A study on quality impact of line re-sampling rate in EAP”, JVET-G0051, Torino, IT, July 2017.

[71 H.-C. Lin, C-Y. Li, J.-L. Lin, S.-K. Chang, C.-C. Ju, “AHG8: An efficient compact layout for octahedron format”, JVET-
D0142, Chengdu, CN, Oct. 2016.

[8] V. Zakharchenko, E. Alshina, K. P. Choi, A. Singh, A. Dsouza, “AhG8: Icosahedral projection for 360-degree video
content”, JVET-D0028, Chengdu, CN, Oct. 2016.

[9] C.Zhang, Y. Lu, J. Li, Z. Wen, “AhG8: segmented sphere projection (SSP) for 360-degree video content”, JVET-D0030,

Chengdu, CN, Oct. 2016.

Adeel Abbas, David Newman, “AHG8: Rotated Sphere Projection for 360 Video”, JVET-FO036, Hobart, AU, 31 Mar.

2017.

[11] G. Van der Auwera, M. Coban, Hendry, M. Karczewicz, “AHG8: Truncated Square Pyramid Projection (TSP) For 360
Video”, JVET-D0071, Chengdu, CN, Oct. 2016.

[12] M. Coban, G. Van der Auwera, M. Karczewicz, “AHG8: Reference picture extension of ACP format 360-degree video”,
JVET-G0058, Torino, IT, July 2017.

[13] M. Zhou, “AHGS: A study on Equi-Angular Cubemap projection (EAC)”, JVET-G0056, Torino, IT, July 2017.

[14] Y.-H. Lee, J-L. Lin, S.-K. Chang, C.-C. Ju, “CE13: Modified Cubemap Projection in JVET-J0019 (Test 5),” JVET-K0131,
Ljubljana, SI, Jul. 2018.

[15] Y. Sun, A. Lu, L. Yu, “AHG8: WS-PSNR for 360 video objective quality evaluation”, JVET-D0040, Chengdu, CN, Oct.
2016.

[16] B. Vishwanath, Y. He, Y. Ye, “AHG8: Area Weighted Spherical PSNR for 360 video quality evaluation,” JVET-D0072,
Chengdu, CN, Oct. 2016.

[17] V. Zakharchenko, E. Alshina, A. Singh, A. Dsouza, “AhG8: Suggested testing procedure for 360-degree video”, JVET-
D0027, Chengdu, CN, Oct. 2016.

[18] E. Alshina, J. Boyce, A. Abbas, Y. Ye, “JVET common test conditions and evaluation procedures for 360° video”, JVET-
H1030, Macao, CN, Oct. 2017.

[19] V. Baroncini, “Results of Subjective Testing of Responses to the Joint CfP on Video Compression Technology with
Capability beyond HEVC”, JVET-J0080, San Diego, US, Apr. 2018.

[20] “New Work Item Proposal on Coded Representation of Immersive Media,” ISO/IEC JTC1/SC29/WG11, N16541, Jan.
2017.

[21] Gun Bang, Gauthier Lafruit, “Introduction to 360 3D video application and requirement for FTV discussion”, ISO/IEC
JTC1/SC29/WG11, w37351, Oct. 2015.

[0

~

J

56 2&utOjc|of X233 42



MPEG- | H|C|2 BZ3t S8 369

[22] Krzysztof Wegner, Olgierd Stankiewicz, Adrian Dziembowski, Dawid Mieloch, Marek Domanski, Omnidirectional 6-
DoF/3-DoF+ rendering, ISO/IEC JTC1/SC29/WG 11, M40806, July 2017.

[23] Gun Bang, Bart Kroon, “Exploration Experiments for MPEG-I: Omnidirectional 6DoF”, ISO/IEC JTC1/SC29/WG11,
N17722, July 2018.

[24] J. Jung, and G. Lafruit, “Exploration Experiments for MPEG-I: Windowed-6DoF,” ISO/IEC JTC1/SC29/WG11, N17721,
July. 2018.

[25] J. Jung, “Limitation of Multi-View Extensions of HEVC and Fixes for MPEG-I Phase 2,” ISO/IEC JTC1/SC29/WG11,
N17133, Oct. 2017.

[26] J. Jung, and G. Lafruit, “Common Test Conditions on 3DoF+ and Windowed 6DoF.”, ISO/IEC JTC1/SC29/WG11,
N17726, July 2018.

[27] Mehrdad Teratani (Panahpourtehrani), Kazuhiro Hara, “Exploration Experiments for MPEG-I: Compression of Dense
Representation of Light Fields”, ISO/IEC JTC1/SC29/WG11, N17723, July 2018.

- J

3715

— 20084 : srefrlistn HEE ANt £ (Summa Cum Laude)

= 20124 : sty YIS MAIHFE SIS Sl BIAE Y
— 20144 : strliatn MAIZFEISAS St} Post Doc.

— 20149 ~ BiY | AFAMZIXF Samsung Research 221722

— FEHNEOF  HIC| @ TE B3 HE[O|C|of 2 27

Efal
- 2014 : DETHSt ZHRESTIS IS Sla} HAE Y

— 20064 : ATSC T3/52 ACAP HZ=5} Editor

— 20124 : MIT RLE ATSP group 242 21728

— 200081 ~ B13Y : BTG ML YAO|C|0foITL HRYSiTR
~ FBAER0F: 20/3D HC|2 53, G4 Hal, ZHRE bIX, ABAIS

2018 108 57



