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Preface

1 Purpose

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

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

2 Summary

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

3 Relationship to Reference Standards
N/A
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[1] [OMAF] ISO/IEC 23090-2:2019 Information technology — Coded representation
of immersive media —Part 2: Omnidirectional media format, 2019.
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HMD(Head mounted Display)
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CMP
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OMAF
PERP
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Committee Draft

Cubemap Projection
Equirectangular Projection
Dynamic Adaptive Streaming over HTTP
Digital Rights Management
Hybrid Equi—angular Cubemap
High Efficiency Video Coding
Higher Order Ambisonics
International Standard

ISO Base Media File Format
MPEG Media Transport
Omnidirectional MediA Format
Padded ERP
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Region—of-interest

Versatile Video Coding
Working Draft
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Higher Order Ambisonics)2 &8 &™ J|Bt QLIRE &GS StCt. ME L2
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5 - |- E— -
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2 2P AFEHRequirements)2 2D Audio, 3D Audiolfl 28t
. et OMAF 20l Z2nd g Moist REE AA ¢
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I 2. OMAF QLI T2t e
Max 3D
Media  Profile Sampling
Rate Metadata
OMAF 3D audio 48 kHz included in
baseline  profile codec
OMAF 2D audio no 3D
legacy profile 48 kHz metadata
& OMAF 3D audio baseline profile2 30 QURE XI&ot)| st 27PEA
flst 0ICI0d Z=Z O OICY. HOA &8 Zoin 1 =x=gs
MPEG-H 3D AudioE JI222 S&tCh. MPEG-H 3D Audio= &2 E D
fist DY IDLE OICIHE ISOBMFF E&0 MESH|RISH oot
A THaur 2S5, MPEG-H 3D Audio= &2 ZEHI=E IEESZ WY
st grol-d e ABHCH B0 2HMAE2=2 AL XL gats
A L HHs MAL oz dIHEsHI| st

St JIELQ e DIt 2D QLILE XIS 8t OMAF 2D audio legacy profile
OMAF DICI ZZ2WH20ll MO OUCH ZICH 51XHEDNX XIHotD USD, LetA
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e REYS UFR1D U= MPEG-4 AAC HE=S JIE22= &t =0 5.1 XHE MHMH=S Sal
360 At AFRXE AIE 28k SteE 2D QU2 20| JHsotCh. OMAF 2D audio
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MPEG1 VCEG2 JVET(Joint Video Experts Team)2 “4ot] 2018EH2E HEVCSl XiAl
A ol WC HE=gt

Ul HICI? 253 EE22ZM WC HILL HEESE X6 UL S5l

M= VR 9401 360% HICI2 RS3E HESH a2 Zdotn UL

HEXNOZ HILIQ EZFE2 URDHY AMEA L [BY HE2 EEQ 22X 8Hnormative)
o2 AN UNA a3Y & 2 &xX2l HE  (pre-processing), =Ml WA
(post-processing), 8lHd S2 ZE0AM MYGHXR &0 UCH

OtXIGH 360% BICIR2 &L, 3D JAS 2D JACZ HEGHILE =2 1 Btifel Xt
Ze6)| 20 d/FEXMedt 25 40 982 F= SR8 242 DA JL. S5
3D JAES 20 JACZ HESl= Z2HE WHO| 233 450 O0Ixle g0l 3=
A0l HAKHAN Z2RE OO HEle WCHIA e SR8 == XSt JUACH

o2 st HAE Ha2=2 ERP(Equi-rectangular projection
0 K

format) Z2M & HHOZ OIS0 2D J|Et 8K Gl&S HICIRE AFEa6td UCH S Al
A AlREE HE29 360 4 Jtbicks 2D J|Et ERP T2 AN 2HAIO2 HEtE
360 HICIRE MEGSH| 20 HAE F& £6t Ot BEHAQ ERP Z2A M O &
Aoz QISR F&2 AFEotD UL

(08 5-1)2 JVETOIA &t 360= S UEHHCH 2N 8K dHa=
ERP T2 XM HAQ| XJ| YO AT, O MEZ2 U™ &M ALE0I0X sle
HOIOZ HHSISIC) Ol HetEl SN T2HE ool 4K falE 2D FA0| QIRHZ
AHAECH OlF 2DY/CIRY HEES HM U2 SE Z2MEQ| 4K diaE 20 Z&2 i
Z Viewport rendererE Solf 3D 360 Zaez HEE £ UACH, 52 =21 &2 8K
HAZO ERP HACZE JMEYLN &= HES HEC
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240l 2 ds0l OIXl= S Wsh)| 2o, 45X &2 JIsH22 01501 AT P-}‘_ bl*’a
- - .-
o= Z2HE WSS &0t 360 ctol=2iel WIIX AZEHO

= 0
SHE T2 01g Jls E1AM 6.1.3.2.385 FXE&H

z2 WC HEZFSHHAM= 360% HICIR RSE /st S Il Z2RE KOS THESIUS -4 — — o
O 012 9Bt et 253 29 =2 251D AT " "
JVETOHIAE= ERP2 CMP, HECE 360% HICI2 ZZHAMN HZCHOZ JHEHGIF 2O, ERP2} O 10. ERP SAo| THY 24l
CMPE LENAM HYE HACZE HELDH HEC 22 ZR= CMPY X AOI0IA 2
ol= 295 FAHE AZoHH 0l0=FI| fo CMPOHIM AlSst Z2M&d HE &5 >3 B PHEC(or PCMP)
ol0 Z2MMAS AlDls Y-S Fotn QUCH ofHel 18 9= == WE &4+5 0|Zol HEC = CMP Z2MMH Zois IiHoles HBHO2= HEC £= CMPS £H1 AlsH/EH
0 HEC 22X d Hog MAHGt= &S E0 A0 OFZ 22 U= = U= 3x2 HIEZ IHZS AIZICH OIZA LHE 2J1S HE IHYotE=z
N S2SSAl LME AIZE o2 EY £ UCH oreHel 08 112 3x22 WA= HEC £
= CMP Z2XM TOS [HEGHE HHS UEIYW 20ICH 0IIME S HES 22 THE
S ,:.mn.miun- EMED{;:;ZH s [ 400 MZ HHI2 IYS & HS MotslD QUCH
- . () = Lotz
o . mm.{y(‘_“:!m_m § 4 4
iabaicint -3 = 4z 7
i v—-nxis‘ 2D-1030: {3} = =
Bottom Jdfr=0
h—/ L 3‘“‘“["5"’]:{’\ ! atherwise = DAv(g(u)— 1) : S
Coordinate Mapping function for v-axis HEC layout nelgnt SI haight
J8 9. HEC ¥Z &4+E 0|88 Z=2RE WH 2 glojot=2
} e a1
oA UM =MH(v-axis)dt A/ohEH(u-axis)= 2L FHES A0 ol kit width
02 S Jjo ME st42 0|50 Z2MMS 235D Y22 12 A 20= Conventional CMP layout CMP or HEC layout with Padding
Ol a4e= 8de = Z2R4E ZA0[ct SO & 11, 3x2 S HEC E& CMPE MY3te 2yl of

=
9]

OlAd= ERP, CMP(or HEC) &
bAIZ &S FAlotn

B MR K T D
2o W
ne Q
ton
i
o
tol

% E/&E
QUCH 2t T2 Lolof tHet Y 2ge oS B Wrap-around offset@ OI28 3B 2+ OIS Jl&
Wrap-around offset J|=& 360% HICI2 Z&
3

Ch. A0l ERP D2MN ZHOZ HEL|( 235
St ZR, ERP QA0 [R= AHOA 32 K= S8Al 255 582 =Y > Us

W PERP BHOR ARG S JI=0ICh ERP HAS| =2 MZ 0101 UJI M2 Faly ==
360% HICIQ Yals ERP ZRMEMOZ HEs AR, HR=9 AH 0l M2 0lXIMH oUT AATNME M2 OI0IE 2= UCH W2t 3B MSAl 3H8o] HHIZ LD QJUCHH
SICH Ol M ZHOA 253t S86HH ZH AZE H52 Qs RS 20 HADIE & offset AUS =0 I =22 2=0 SN HIEZ 22H T8 & QN &= JI=0ICh O
g AX0F AUCH [etd B2 ZAH0 WEote FI2A AIZE 205 855 20 2 JIE2 CESIHAST 253 As0| FZEUI M0 WCHA 360% HICIR £535 I
S oz & 2 QUCH 08 102 ERP THY A2 A2 THY LA A1S] HAatS =2AKStD 22 JHEE O
Bl Y A0 B2o| YAl =AGIN IHEGHs LAIS AKRSED QUCH OIIM BS THY
Yoo g ma MZ (HH|Z KIotetD UCH
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Reference picture Current picture

e inputPicWidth—— >

[ ———— S ! 1
ERP width i T‘_'“k-,‘ i | %
N, ] | 1 &
HN 1 3 i é
. H i ‘:l i 5
. i i Ll
\ \ \ ERP width
Co-located PU Reference block left right
Reference block |wrapped-around) ~ Padding Current PU padding
8 12, ERP S&0lA wrap—around offsetE& 0|&&t 332t IS D=
5.2.5. E=3 &
@IQEIE g2 dF2 20184E CfP SE % HAE Y M2 ANXSZ, 2018E WD &
2019 CD 22t 20204 IS &H2OZ 0f&totn UCH
3605 4ol FS SORM el ZZ2ME Zoig HeEl 2 IHdE /I8 d-F XelE Jlgt
OFZ URE RSt 253 €2 MEs A=0IH, €M WC EZs0 M= 360% HICIL
o Tttt JIsd X QTPAIEE 28t High Level Syntax EEZ3H0l &FotD Use 2
M OICt.
High Level SyntaxOlAd CtR1 U= 360% HICIRS JIs&el Xd RTPAE2 Viweport

independent coding XI¥, Layered Picture coding XI& %OI =

= Viewport dependent coding: 360 HICI2 Z& = 28 A0S C(IHE £ Us
s

= Layered Picture coding: 0idd AIRAE
2F A2 AHE Ss AIE L diaE HEs X-ddle JIs

Ol <ol High level syntax &=OFHIM= Rectangular Slice mode, Subpicture
partitioning, Reference Picture Resampling S0l CHst JHE 0l MSH A2, OI0 CHSt
gast =010t &E =O0ICt.

52.6. &% &Y
NEN SEE 360 & Jl=2 AHINNN S22 gXle dBES MB5tD A2,
S WHE S22 AIZS ot JACH dSHQ HA0 2D S Fseel 22 M &
A2 ESOIH NE, dE, M9 BEE HAY =UAKXG, 360 HICILR daol R, A
ST 2= Yeoll et Zet® &= A= viewport WSS =2 JIE hHl 2~5812 E=
S2US HEoH| ?ol 42%H= OB SE2 Wl W20, &AI2E MEIAE oSt
8l 22 4501 2otk @2 +==0IC 8 MSH ddsts WC HEEs EZg=
360 Fa 2535 JI=0] U AMFUA 276t0 A= HES2L & ASUHAES 2ME
HBE = USK XIHHA XIHELOF & 2J0ICH
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VR BHIZE &M QHUES S8t AELYU0IU URRE HAS Sotd AIETAA A

AEZY A0l YouTube & QI SHE

o 20l SAY0l RAEE

2ZAI0ICH VR REHHIE AECIY MHIA=E MZAEO 22& 2H=
g

KBSHAE SIXIEUE OHb2 A SO0l EOM—I ANFOl FE XD IHEH EBsHs
“HEEI0IZ7 02t EAAE JIHGHD 20188 GHEIIRE IESN VR 202 A
Y HAO2 NHIAGHACH Mol M%El NAES 8D 2T

VRE et

P T .
> Aol /RS

I, 84, BE, ®& SHZ TLE0L

A
X = DSLR Jtolict 20Hot HHE 2lE ALESIR 2, Jtblietel HDMI £E8E UTPR

HEGI0 AEIE ZHEEHEZ MEORUCH AEIFE VRUE360 Ol2te M8 LAZEOUHES
AESIRACH &d AN A, S, &AI2 HIOR SS ERP ZEN S et
ot PIPE E 48l HEotAl %10 ARAAS gdotd, 18 142 200 2SS0
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ol ALS
Ofell =oF 20t
H 3. 360 VR 20|12 AERQ|Y AAE 24 &I

AL A7TR2 x 204
Jtoll2t ~ oy = .

HICI2 =2 GHatE: 3840 x 2160 30p
alx Entaniya Fisheye HAL E-Mount 3.6mm x 2CH

B (FOV: 250%)

PC 4K 2LIH, CPU, RAMx256GB, GPU 1080Ti
HED| HOMI to UTP, UTP to HDMI
AEIE AZEHO VRUE 360
AECIY AH NginX
AEQY AZEYN Open Broadcast Software, NginX

8 15 MEH=Z MAE dEH0I=SS 2SZ2us S40ICH

b
O

O3 15. dIEHIOIS 25 ERP &
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8.1.2. VR BN & AEC|Y MHIA
2 ATEQIO JIs0l X0 Tet JE ZE=EQ

BI=Ot Cttet EF20A MDD ACH

J 2ZXE SYH0l Folt VRI80 A2 HMEGHD A20, XA
ASH & otOI2H0IE E4S NEH22Z MHIAGHD AL 20 e 2
£2, 54 2HZ=Z Mot JA2H, 20ICIA, BHNE S22 ZI8

INTERNATIONAL CHAMPIONS CUP

EEEX X X ® 3

INTERNATIO UP

pitch for highligf t he
rnament

[ )
NEXTVR

L STATION MUSIC, NBA

S NBA VR Experiences

NEXTVR

COMEDY s 5o //‘

COMEDY IN NEXTVR BOXING
8 16. NextVR VR AHI

AmazeVROIA= DSLR &Sl VR180 JtHICtE AESIH 220l FIHt 2E=E K

SotA MHBIAGHD ACH =J|0ls S, BT, 39 S 2H2l0A VRI80 3thlctE
s O, SHUNE 4ot NEgg = A= HE ?AFZ2 WIS ddoA2U, A
Ol AIEXOL #0icte e S2t0tE EZ&ot Chest =29 VR ZEI=E HWAGH
0 UCH

&otd, 0IE Steam, Oculus, Windows Mixed Reality, Daydream & Ct2st EHES
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JIe210AM
%2 UOX a2 A8 HEZ0l HIZA S0 20 otLlet, & dES 2260 A
ATt HEote =FHO HAs =& 4 UL 360VR ZE=UHAME SAE A<L0t M
SHCH A8 Tt NHALR SHAUCZ FE MY = = HFH0 UXNE, IHE S
28 B 22 AMEANS2 R 5 =X XNUIIA S0 €8, 360VRUIA
= Y B0AM 2E-= & 24 S0l M= SE T UL [MetA, 360VR &S
=0 MESNAM 2&ots He FEE0= SE0 A0 g = AL ”‘:”i()il}\‘li
VR180 S22 AMEXS |IELQEE F FHC=R HMEGtD & HAUMNAM= VR360 S
HEQ| &0t MESAl =& 2E0IL IR AAAAS Ot 2 £ Us BiOI JF
& SMAEOICH
OHX2ez VR 30l TV 2E =2 HAIE VR 2E=E A SUHHC2 1 4
g & Je AASXE0 s 2T 2E= M2 8H RE6] A2 00 St

8.2 ¢4l - 5GY

LGU+2l 5G JIgtel OICINH && NHIAS A#HE10, ol0 HE& 0I0I0 J=sS &N
=C 20084 128 |KAEDIELY IPTV &4& ANHIAE SAIE 0IF LTE JIgte] SHSAMY
OlAe UEMEIASE 20113 78 SAIGHACEH 01 HIIZ2 SHSALUHAMS OICIH M
HIAJE AIEEZIO OTT EEHS OICI MHIADE BESE D] AIXSIACH OIS <8 0IC
Ol Jls2 ¢&2 Ot D8 20

oo Vs 2e 5G 0110 7I= 2d ue
Passive viewing experience  Active viewing experience

SD } HD >
I
4 r‘.“’

T2 191 E - Quality

r=rx

02

om0

= FRAEEH-TV, HE ; znugn;r’ﬁ'nm
LTE Fu yp | UMD |
12K i« ZQJIU= - Experience
- EZQIIYS - OIS = FQ ANEEH - WAINT), Anywhere

* FRAEZH-ABEE
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olgst 5G2 oINSl 28 DICIH &
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22 Oss W B2ez"z2= g2z 5G 60
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NHBIAE LIEHHCH “OR0l A=
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Latency

Connectivity

08 21. LGU+ 5GEDIEH 2HiY g AHIA

8.2.1 U+ ZZ0k7 5G
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8.2.3 U+ 0t0l=Live 5G
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20195G 42l D
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© weaavae Zorzi) 2 2

AP FHE B+ Us
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18 25. U+ OtOISLive 5GAMHIA

& MEIAZAM, AR 88 ARLRE

8.2.4 U+ AR 5G
KIZotod M&ot= MBIAOICH

“U+AR5G" MHIA= 5G Z2UHHQ

St04, 400& 2| Volumetric AR
20195G A JI=s
AEIR} eHHl = M= FR0k=

TV AEDE LH =900 LIEHI= 2
‘LIaro] §IHIAEY N AEFAEIDF

AMAEH AEIHZ

Ol & AbDIgte] st X ZE=E W=20 S22t 2aotl,
AEBE AN S =, 8N 28 Ueo Ja/ME S BR5tkE 5GE3 MBIAOICH
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Left (red) and right (blue) cameras capture the image seen
by the viewer’s left and right eyes.
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[5. 360VR & Y% (OMAF)]

[1] N16773, Requirements for Omnidirectional MediA Format, 2017.04.

[2] N17399, MPEG-I Part 2 Omnidirectional media format, 2018.02.

[3] Oo1&&, “22" 0ICIH 2% HFEsS S87, 360VR £ 28 00 sd, &
CIH =stgl, 2018.10.

[4] N18587, Preliminary WD of ISO/IEC 23092-2 2" edition OMAF, 2019.07.

O

0l

[6.2. Earcon]

[1] ISO/IEC 23008-3:2019/AMD 1:2019 "Information technology —- High efficiency
coding and media delivery in heterogeneous environments —— Part 3: 3D audio
—-- Amendment 1: Audio metadata enhancements", 2019.06.

[7.1.1. 202 ZY HR]

[1] ISO/IEC-23008-3, “Information technology — High efficiency coding and media
delivery in heterogeneous environments — Part 3: 3D audio”, 2016.1.

[2] ETSI TS 103 190, “Digital Audio Compression (AC—4) Standard”, 2014.04.

[38] TTAK.KO-07.0127/R1, “XI& I UHDTV g &S44 HE”, 2016.12.

[4] ISO/IEC 14496-1, “Information technology — coding of audio-visual objects —
Part 1: Systems”, 1998.05.

[71.2. 2& 2 Z2mY]
[1] ISO/IEC-23008-3, ‘"Information technology -- High efficiency coding and
media delivery in heterogeneous environments —— Part 3: 3D audio", 2016.01.
[2] ISO/IEC 14496-3, "Information technology —— Coding of audio-visual objects
—-- Part 3: Audio", 2019.11.

[3] ISO/IEC 14496-12, "Information technology —- Coding of audio-visual objects
—— Part 12: ISO base media file format®, 2017.09.

[4] ISO/IEC 23090-2:2019 ‘"Information technology -- Coded representation of
immersive media —— Part 2: Omnidirectional media format", 2019.01.

[7.2. 360 HICIL]

[1] ISO/IEC JCT1/SC29/WG11/m46629, “Algorithm description of projection format
conversion and video quality metrics in 360Lib Version 9”. MPEG 125, Jan.
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